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Chapter I: General Introduction 
During the last decade, continuous digital quantification of soil landscape properties 
has been an area of interest for pedologists. Two key methods of soil landscape 
quantification include terrain analysis from digital elevation models (DEM) and 3D 
subsurface visualization using geostatistics. While terrain analysis and three-dimensional 
(3D) visualization have proven useful in other disciplines and areas around the world, they 
have not been fully exploited in Iowa. The first part of this study seeks to determine 
appropriate methods for using terrain analysis in the Loess Hills region of Iowa. The second 
component focuses on the use of 3D visualization techniques as a teaching tool for 
instruction in soil science courses. 
During the latter part of the 20th century and early 21st century, pedologists have 
focused on using digital elevation models (DEM) to calculate terrain attributes and relating 
those attributes to soil properties on the landscape (Moore et al., 1993; Gessler et al., 2000; 
and Park and Vleck, 2002b ). The theory underlying the successful use of DEM and terrain 
analysis can be attributed to the catena concept. Soils of a catena are linked by topography, 
geology, and hydrology (Milne, 1935). Surface topography influences water flow on the 
landscape, thus having a significant effect on drainage, differential transport of eroded 
material, leaching, translocation and redeposition of mobile chemical constituents (Milne, 
1935). 
While terrain attributes are valuable in predicting landscape properties, little evidence 
exists that demonstrates the appropriate DEM grid resolution for which to build soil 
landscape models. Hutchinson and Gallant (2000) concluded that DEM grid size should 
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depict the natural geomorphological and hydrological process to be modeled. The prevalent 
school of thought suggests that DEM resolutions of 10 m or less are required to effectively 
capture terrain specific processes occurring on or within the landscape (Moore et al., 1993; 
Quinn et al 1995; Mitasova et al., 1996; Gessler et al., 2000). On the other hand, it may be 
argued that the precision obtained using high resolution DEM does not justify the large 
volume of data needed and the time it takes to process the information. Arguments also arise 
citing increased resolution may result in more realistic terrain modeling, but does not 
significantly improve soil spatial prediction (Beven, 1995; Wilson and Gallant, 2000; 
Thompson et al., 2001 ). At present, interaction between terrain attributes calculated from 
different DEM resolutions and their effects on soil property prediction are poorly understood. 
This study seeks to determine which DEM resolution is appropriate when building soil 
landscape models in the Loess Hills region of western Iowa. 
The second component of this study focuses on the use of 3D visualization techniques 
as a teaching tool for instructors of soil science, specifically using 3D soil landscape 
modeling to visualize pedological properties and processes occurring on the landscape. New 
technologies in 3D visualization are gaining popularity as one method of quantifying and 
visualizing pedological properties and processes occurring on and within the landscape 
(CRCLEME, 1999; Mendonca Santos, 2000; Grunwald et al., 2001; Grunwald and Barak, 
2003). The true 3D nature of the soil-landscape environment is the driving force behind the 
success of 3D soil landscape modeling (McSweeney et al., 1994). Soil properties such as 
texture, color, and carbon content vary vertically and horizontally across the landscape. 
These variations can be realistically modeled and visualized using a 3D GIS system 
(Grunwald and Barak, 2003). Three-dimensional soil landscape visualization has the ability 
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to offer students and users of soils information insight and enhance their understanding of the 
real-world soil phenomenon. Students become active participants in the learning process and 
are able to physically interact with the model through computer manipulation. Previous 
research on interactive learning by Hasket (2001) found that interactive, hands on exploration 
increases student's confidence and facilitates active engagement in science courses. An 
increase in student's confidence usually leads to an increase in student's knowledge. 
While 3D soil landscape modeling appears to have great advantages over more 
traditional soil landscape models, little information is available to instructors on the 
development and feasibility of using these models for classroom purposes. The second part 
of this study looks specifically at developing useful 3D soil landscape models for the Loess 
Hills region of western Iowa and evaluates their feasibility for instructional purposes. 
Explanation of Thesis Format 
This thesis consists of two papers prepared in the standard format for articles to be 
published in scientific journals. The first paper includes an abstract, introduction, material 
and methods, results and discussion, conclusion, and references. The second paper includes 
an abstract, introduction, modeling procedure, modeling feasibility, and summary. Tables 
and figures are presented on separate pages at the end of each paper. Additional data are 
contained in Appendices A, B, C, and D following paper II. A general introduction describes 
rationale for conducting this study and the specific research questions being addressed. A 
general conclusion follows paper II and ties together the conclusions from papers I and II. 
References for the general introduction, general conclusion, paper I, and paper II can be 
found after each respective section. 
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Chapter II: Digital Elevation Model Resolution and Soil 
Landscape Modeling in the Loess Hills of Western Iowa 
A paper to be submitted to the Soil Science 
Society of America Journal. 
B.M. Schmid, A. Manu, and C.L. Burras 
Abstract 
Terrain attributes calculated from digital elevation models (DEM) have proven useful 
in predicting soil properties. While terrain attributes are valuable, little evidence exists 
demonstrating the appropriate DEM grid resolution for which to build soil landscape models. 
The objectives of this study are to: (1) determine the best DEM resolution for capturing the 
most pedologically significant variability and (2) to apply that knowledge in creating an 
effective soil landscape model explaining soil attribute variability in the Loess Hills region of 
western Iowa. Statistical analysis determined that secondary terrain attributes calculated 
from 5 and lOm DEM resolutions efficiently capture the variability of the four exploratory 
soil attributes. This suggests that robust soil landscape models that utilize fewer terrain 
attributes in the prediction of soil properties can be accomplished from high resolution (5 and 
1 Om) DEMs. Multiple regression soil landscape models built from the Sm DEM resolution 
show strong relationships with epipedon thickness, solum thickness, and soil organic carbon 
content. Moderate relationships were observed with epipedon color, epipedon silt content, 
and epipedon clay content. Weak model results were observed with epipedon pH, soil 
nitrogen, and epipedon sand content. These weak relationships are attributed to the 
homogeneity of the loess material. Although the 5 and I Om DEM resolutions efficiently 
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captured landscape variability at this site, results from this study demonstrate how sensitive 
soil attribute prediction is to DEM resolution. While significant relationships could be 
obtained between derived terrain attributes and soil properties at one resolution, these 
relationships quickly become non-apparent at other DEM resolutions. 
1.0 Introduction 
Digital elevation models (DEMs) and their computed terrain attributes have proven 
useful in evaluating and predicting soil attributes on the landscape (Moore et al., 1993; 
Gessler et al., 2000; and Park and Vleck., 2002b ). The fundamental theory underlying the 
successful use of DEM and terrain analysis is the catena concept. Introduced by Milne 
(1935), it explains soil differences due to water flow on and through the landscape. 
Topography controls water flow and in effect has strong influence on drainage, differential 
transport of eroded material, leaching, translocation and redeposition of mo bile chemical 
constituents (Milne, 1935). Further work by Ruhe and Walker (1968) and Furly (1976) 
successfully linked soil properties to topographic parameters. During the last decade, the 
focus has shifted to digital quantification of terrain attributes and relating the latter to soil 
properties (Moore et al., 1993; Gessler et al., 2000; Park and Burt, 2002). 
Computerized geographical information systems (GIS) and global positioning 
systems (GPS) have enabled the organization and synthesis of large amounts of data. These 
data can quantitatively describe and model the landscape, termed soil landscape modeling 
(see McBratney et al., 2000). Soil landscape modeling has been described by various 
scientists as representing the continuous variability of soil properties (McBratney et al., 2000; 
Park et al., 2001; Park and Vleck, 2002a&b) and making spatial predictions of soil properties 
across the landscape using terrain attributes (Moore et al., 1993; McSweeny et al., 1994; 
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Gessler et al., 2000 Park and Burt., 2002). 
The most appropriate DEM grid resolution for soil landscape modeling depends on 
the quality of the source data and purpose for which the model will be used. Hutchinson and 
Gallant (2000) concluded that DEM grid size should depict the natural geomorphological and 
hydrological process to be modeled. The prevalent school of thought suggests that DEM 
resolutions of 10 m or less are required to effectively capture terrain specific processes 
occurring on or within the landscape (Moore et al., 1993; Quinn et al 1995; Mitasova et al., 
1996; Gessler et al., 2000). Many studies have found that as grid resolution decreases, slope 
gradients decrease with differences most prominent in areas of high slope (Quinn et al., 1991; 
Wolock et al. 1994; and Zhang et al. 1994). This results in a general flattening of surface 
topography. Values of terrain attributes such as upslope contributing area and topographic 
wetness index (TWI) have been shown to increase as grid resolution decreases. Errors 
associated with the determination of these attributes most commonly occur in small 
catchment areas, such as hillslope summits or head waters (Quinn et al., 1991; Wolock et al. 
1994; and Zhang et al. 1994). On the other hand, it may be argued that the precision 
obtained using high resolution DEM does not justify the large volume of data needed and the 
time it takes to process the information. Arguments also arise indicating increased resolution 
may result in more realistic terrain modeling, but does not significantly improve soil spatial 
prediction (Beven, 1995; Wilson and Gallant, 2000; Thompson et al., 2001). 
Elevation precision is also another widely discussed issue in terrain modeling. GPS, 
light detection and ranging (LIDAR), synthetic aperture radar, and other remote sensing 
methods now permit capture of accurate elevation data with relative ease (Maune, 2002). 
Seemingly small differences in elevation at individual locations on a landscape may result in 
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large differences in slope degree values (Quinn et al., 1991). Thompson et al., (2000) found 
that decreasing the vertical precision of the 10 m horizontal resolution DEM produces a less 
continuous landscape with more abrupt changes in slope gradient and slope curvature. To 
properly characterize local topography, they suggest that vertical precision must increase 
with increasing grid resolution. 
With no clear definition of which DEM resolution is appropriate for effective soil 
landscape modeling, the objectives of this study are to: (1) determine the best DEM 
resolution for capturing the most landscape variability and (2) to apply that knowledge in 
creating an effective soil landscape model explaining soil attribute variability in the Loess 
Hills region of western Iowa. 
2.0 Methods and Material 
2.1 Study site 
The 2.1-ha study site lies in an open drainage network in the Loess Hills of western 
Iowa (Fig. 1). The Loess Hills are characterized by narrow, gently sloping ridges and steep 
side slopes which gradually change to well-defined valleys (Oshwald et al, 1965; Prior, 
1994). Preliminary examination of the site suggested soils consistent with Ida (fine-silty, 
mixed, superactive, calcareous, mesic, Typic Udorthent), Monona (fine-silty, mixed, 
superactive, mesic, Typic Hapludoll) and Napier (fine-silty, mixed, superactive, mesic, 
Cumulic Hapludoll) series, which comprise the areas most common soil association. All 
soils were developed under prairie vegetation, although currently are managed as rotational 
grazing pastures. 
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2.2 DEM acquisition 
Vehicle based real time kinematic GPS (RTK-GPS) was used to collect 3,860 
elevation points. RTK-GPS is a form of differential-GPS (DGPS) that uses carrier phase 
ambiguity resolution to achieve horizontal accuracies <1 cm and vertical accuracies from 2 to 
lOcm (CMT Z33 Operator's Manual, 1997). An ordinary kriging procedure within ArcGIS 
(Environmental Systems Research Institute, 2001) was used to interpolate the 3,860 elevation 
points into at 1, 3, 5, 10, 15, 20, 25, and 30 meter grid resolutions (Fig. 2). 
2.3 Derivation of primary terrain attributes 
Primary terrain attributes are those directly calculated from a DEM (Moore et al., 
1993). Terrain Analysis Programs for the Environmental Sciences - Grid version for 
windows (TAPES-G _win) within ArcGIS (Environmental Systems Research Institute, 2001) 
was used to calculate these attributes. Primary attributes examined include: slope gradient 
(degree), slope aspect (degree) plan curvature (radians/m), profile curvature (radians/m), 
primary flow direction (degree), upslope contributing area (m2), and specific catchment area 
(m2). Slope gradient affects the velocity of surface and subsurface flow which in turn affect: 
soil water content, erosion potential, and soil formation (Wilson and Gallant, 2000). Aspect 
is the orientation of steepest descent and is used as a measure of surface runoff direction. 
Plan curvature is a measure of the convergence and divergence of flow (Park et al., 2002). 
Profile curvature is a measure of the acceleration and deceleration of flow (Park et al., 2002). 
Positive plan and profile curvatures indicate a convex surface. Negative curvatures indicate a 
concave surface (Park et al., 2002). Primary flow direction is the course water moves over 
the land surface. Upslope contributing area is the region above a certain grid that contributes 
flow across the grid (Wilson and Gallant, 2000). Specific catchment area is the ratio of 
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upslope contributing area to grid cell size (Wilson and Gallant, 2000). Both specific 
catchment area and upslope contributing area calculations are influenced by the flow 
direction algorithms used. A multiple-flow-direction algorithm (FD8) was used to allow 
flow divergence. It allows flow to be distributed to multiple nearest-neighbor nodes in 
upland areas and gives a realistic distribution of contributing area in upslope areas (Wilson 
and Gallant, 2000). 
2.4 Derivation of Secondary terrain attributes 
Secondary attributes are obtained from primary attributes and are used to characterize 
the spatial variability of specific processes occurring in and on the landscape (Moore et al., 
1991, 1993). Three hydrologically based compound indices were created using raster 
calculator within ArcGIS ((Environmental Systems Research Institute, 2001). They include: 
topographic wetness index (TWI), sediment transport index (STI), and stream power index 
(SPI). TWI is also referred to as compound topographic index (see Gessler et al., 2000) 
TWI is a quantification of catenary landscape position (Gessler et al., 2000). Small 
values of TWI refer to upper catenary positions, while larger relative values refer to lower 
catenary positions. The index is expressed as: 
TWI = ln ( As ) 
tan~ 
where As is the specific catchment area, ~ is slope gradient in radians (Moore et al. 1993). 
STI is used to characterize the effect of topography on soil loss, specifically the 
effects of topography on soil erosion and depositional processes (Moore et al., 1992). High 
values are considered net depositional areas, while low values are considered net erosional 
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areas. STI is analogous to the slope/length factor in the Revised Universal Soil Loss 








where As is the specific catchment area, ~ is slope gradient in radians, m = 0.6 and n = 1.3 
(Moore et al. 1993 ). 
SPI has been used as a measure of the erosional power of overland flow. It has been 
extensively applied in sediment transport and geomorphology (Moore et al. 1991 ). High 
values of SPI indicate strong erosional power, while low values indicate less erosional 
power. It is expressed as: 
SPI As tan~ 
where As is the specific catchment area, ~ is slope gradient in radians (Moore et al. 1993). 
2.5 Field soil sampling & laboratory analysis 
Soil sampling was carried out on a regular 15 by 30 meter grid. A truck mounted 
Giddings Hydraulic Soil Probe was used to collect 54 cores to a depth of 1.4 meters. Cores 
were described using standard Soil Survey methods (Schoeneberger et al., 2002). Cores were 
subsampled by horizon, air dried, ground, and passed through a 2 mm sieve. Samples were 
analyzed for particle-size by the pipette method (Walter, N.F. et al., 1978). Color was 
determined using a Minolta CR-310 chroma meter (Minolta Corp, Ransey, NJ) fitted with a 
CR-A33e glass light projection tube (see Konen et al., 2003). Total carbon and nitrogen 
13 
contents were determined by dry combustion using a LECO Truspec (LECO Corp., 2005). 
Inorganic carbon was determined using a modified pressure-calcimeter (Sherrod et al., 2002). 
Organic carbon content was calculated by subtracting inorganic carbon content from total 
carbon content. Soil pH was measured in a 1: 1 soil:water ratio (Soil Survey Staff, 1996). 
2.6 Statistical Analysis 
Statistical relationships were first explored through scatterplot matrices and Pearson's 
correlation coefficients. Visual and curve fitting techniques were used to assess regression 
functions (exponential, power, quadratic, and linear). Each soil property was tested against 
terrain attributes derived from every DEM resolution. The large majority of relationships 
were characterized by linear relationships so linear regression was employed. 
Once the exploratory analysis was completed, the appropriate DEM resolution with 
which to calculate the primary and secondary terrain attributes, was chosen. Stepwise 
multiple regression was then used to develop the best statistical model for each soil variable. 
Stepping criteria was set at probability of F to enter :S .05 and probability of F to remove 
2:.100. Statistical analysis was conducted using SPSS software (SPSS Inc., 2005). 
3.0 Results & Discussion 
3.1 Soil Classification & Key Pedological Processes 
Entisols, Inceptisols, and Mollisols were identified at the site (Figure 3, Appendix A). 
Entisols occur on the summit and backslope positions. Inceptisols occur on the 
backslope/footslope positions. Mollisols occur on the footslope and toeslope positions. 
Morphological properties, such as color mixing (discrete, intermingled bodies of A and C 
horizon), epipedon thickness, and apparent stratification, suggest erosional and depositional 
processes are important features of this landscape. This is consistent with the findings of 
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Ruhe and Daniels (1965) and Daniels and Jordan (1966). Summit (highest catenary 
positions) and backslope positions (mid catenary position) had soils with thin epipedons and 
a high degree of color mixing. These positions had soils with moderately to severely eroded 
epipedons, using soil survey criteria (Soil Survey Manual, 1993) and were classified as Typic 
Udorthents or Typic Eutrudepts. Footslope and toeslope positions had soils with thick 
epipedons, darker colors, and apparent visual stratification. These soils were considered 
depositional areas, with footslope soils classified as Typic Hapludolls and toeslope soils 
(lowest catenary positions) generally classified as Cumulic Hapludolls. 
Evidence of dissolution of CaC03 from the A horizons and subsequent precipitation 
in the Bk horizons suggests in-situ pedogenesis in the backslope/footslope positions. Cambic 
B horizons were described in the footslope and toeslope positions. These horizons are the 
result of color changes from different periods of deposition and weak structural development. 
These finding are similar to those of Daniels and Jordan (1966) in Harrison County, IA. 
Redoximorphic concentration and depletions were described on every landscape position, but 
were considered relict attributes in the upper catenary positions. 
3.2 DEM Resolution and Soil Attribute Relationships 
Figure 3 shows results of the exploratory statistical analysis. Classes are broken into 
primary terrain attributes (Fig. 4A & B), and secondary terrain attributes (Fig. 4C). Ranges 
of selected soil properties are given in Table 1 and those for terrain attributes are given in 
Table 2. Four exploratory soil variables (epipedon depth, SOC content, epipedon clay 
content, epipedon dry value) stayed relatively constant when regressed on elevation 
calculated from the range of DEM resolutions. The high degree of vertical elevation 
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precision (as discussed in section 2.2) may account for this trend. This study did not attempt 
to compare varying degrees of vertical precision so this can not be verified. 
Quinn et al. (1991), Wolock et al. (1994) and Zhang et al. (1994) observed that as 
DEM resolution increases, slope gradients decrease. This study found that slope 
relationships decrease with increasing DEM resolution (Fig. 4A). For example, as DEM 
resolution increases the resulting slope values explain less variation in epipedon thickness. 
Information from this study combined with the cited literature, suggest that decreases in 
slope gradient due to decreased DEM resolution may reduce the predictive capability of 
slope. 
Other primary terrain attributes (aspect, profile and plan curvature) and their 
relationships to the four exploratory soil variables are given in Figure 3B. Aspect shows 
weak relationships with all four variables at every DEM resolution. Plan and profile 
curvature's predictive abilities increase with decreasing resolution. Wilson and Gallant 
(2000) suggest that local irregularities or errors in elevation are enhanced in the derived 
values of curvature. Thus, high resolution DEMs contain local irregularities which are then 
enhanced in the computed values of curvature. As resolution decreases, these irregularities 
become less obvious, hence increasing curvatures predictive capability. 
Secondary terrain indices and their relationships to the four exploratory soil 
properties are given in Figure 3C. Nearly 68% of the variation in epipedon thickness, 63% of 
SOC content (g/m-2-1.4m-1) and 49% of epipedon dry color value can be explained by TWI 
alone. These relationships increase from the higher DEM resolutions and peak between the 5 
and 1 Om resolutions. There is a significant decline at lower resolutions. A study by Gessler 
et al. (2000) found similar relationships on a hillslope catena in California. They concluded 
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that A horizon depth and carbon mass could be effectively predicted (r2 = 0. 71 and 0.80, 
respectively) by TWI computed from a 2m DEM resolution. 
Other secondary indices (SPI and STI) increase with increasing DEM resolution. 
The best relationships were obtained near the l Sm resolution for SPI and the 30 m resolution 
for STI. 
The exploratory statistical analysis suggests that TWI, computed from 5 and 10 meter 
DEM resolutions most effectively captures the variability in the four exploratory soil 
attributes. These results emphasize the potential that some soil properties can be modeled 
using easily derived secondary indices, such as TWI. Results of this study also demonstrate 
the importance of examining the relationships between soil attributes and landscape variables 
calculated from different DEM resolutions. These relationships become very important when 
determining which DEM resolution to build a soil landscape model. For example, 
relationships between epipedon depth and TWI peak at the 5 and 10 m resolutions, but STI, 
plan and profile curvature peak near 15 and 30 meter resolutions respectively (Figure 4C). 
High resolution DEMs may perform slightly better than low resolution DEM's, but costs 
associated with obtaining a high resolution DEM may be prohibitive. Although less 
efficient, multiple regression soil landscape models that have the ability to utilize multiple 
terrain attributes calculated from low resolution DEM may be sufficient in predicting soil 
properties. These results are similar to those obtained by Thompson et al. (2001). They 
conclude that higher-resolution DEM may not be necessary to generate useful soil landscape 
models in west central Minnesota. 
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3.3 Soil Landscape Modeling 
Exploratory statistical analysis showed that terrain attributes calculated from the Sm 
DEM resolution efficiently captures the most landscape variability. Secondary attributes 
when calculated from the Sm DEM resolution explain a larger portion of the variation in the 
measured soil properties. Stepwise multiple linear regression was then used at the Sm 
resolution to develop the best soil landscape model for each soil variable measured. Model 
results are given in Table 3. Selected soil spatial prediction maps derived from model 
equations given in Table 3 are also presented in Figure S. 
Soil Thickness Relationships 
Using stepwise regression the combination ofTWI and STI explained 74% of the 
variation in epipedon thickness (Table 3). Statistically significant variables for solum 
thickness include TWI, profile curvature, and STI. Collectively they explain 71 % of the 
variance in solum depth. These results imply that upslope contributing area and slope are the 
major factors in determining depth relationships at this site. Similar observations were made 
by Gessler et al. (2000) who found that TWI is strongly related (r2 = 0.71) to A horizon 
depth. This directly supports the qualitative findings presented in section 3 .1. It was 
observed that TWI is the driving factor for the determination of depth relationships. Similar 
results were obtained by Moore et al. (1993) and Gessler et al. (2000). Low TWI values 
(high catenary positions) are moderately to severely eroded (section 3.1). Soils in these 
positions tend to have thin epipedons and less structural development. High TWI values 
(lower catenary positions) occur on depositional landscape positions. These positions are 
associated with soils having thick epipedons and more structural development. 
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Soil Chemical Properties 
Stepwise regression identified TWI, elevation, plan curvature, and STI as important 
variables explaining 78% of the variation in SOC content (g/m-2/1.4m-1). TWI alone explains 
63% of this variation. These results are similar to those obtained for epipedon thickness (r2 = 
0.71). Comparable results were obtained by Gessler et al. (2000) in which 80% of the 
variation in carbon mass on the landscape was explained by TWI. Given that erosion and 
deposition are the predominant processes on this loess landscape system (section 3 .1) it is 
logical that TWI successfully explains the spatial distribution of SOC content (g/m-2/l.4m-1). 
The prediction model for TN content (g/m-2/1.4m-1) identified TWI as the only 
statistically significant variable even though it explained just 28% of the spatial pattern. The 
weak relationship could be attributed to the current and past management practices at the site 
and seasonal variations in TN (Russelle, 1996). The site is managed as a rotational native 
grass cattle pasture. Herd movement associated with the management system will greatly 
influence the spatial dependence of TN (Cerri et al., 2003). These aforementioned factors 
affecting the temporal and spatial variations of TN content are independent of topography, 
thus TN does not lend itself to characterization by terrain analysis. 
Values for epipedon pH range from 6.3 to 8.0. A mean soil pH of 7.6 with a standard 
deviation of 0.3 suggests that the majority of the samples are alkaline. A skewness factor of -
1. 721 suggests that the samples are bunched near the high end of the range (Fig. 6). Two 
variables (TWI and STI) are statistically significant in predicting epipedon pH, but 
accounting for 28% of the variation. This was relatively lower than the values obtained by 
Moore et al. (1993) in which terrain attributes explained 49% of the variation in A horizon 
pH in Colorado. Park and Vlek (2002b) concluded that clear linear relationships exist 
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between soil pH and water flow potential which is governed by hillslope geometry. The 
inability to explain epipedon pH at this site using terrain attributes could be attributed to the 
uniform distribution of pH values on the landscape. This suggests that terrain analysis is 
inappropriate for building soil pH predictive equations for this site. 
Epipedon texture 
Ranges of sand, silt, and clay contents were minimal e.g. 4.3-7.5%, 68.4-76.4%, and 
17 .5-25 .4%, respectively (Table 1; Fig. 7). While not pedologically significant, slope is 
statistically significant in explaining the variation of sand on the landscape (r2 = 0.14). 
Stepwise regression identified elevation and STI as statistically significant variables 
explaining variations in silt and clay contents (r2 = 0.48). The relations of clay and silt 
contents to terrain attributes are similar to those found by Moore et al. (1993). However, 
these results are contrary to those obtained by Ruhe and Daniels (1965), who examined a 
similar site in Harrison County, IA. On a traverse basis, they were able to explain up to 66% 
of the textural variations on the landscape using slope gradient. In this study, when samples 
are broken into traverses down the noseslope and backslope (Fig. 8) a larger proportion of the 
variation (r2 = 0.75) in clay content is explained by TWI. When analyzed in this manner, 
downhill sorting from upper catenary position to lower catenary position is apparent. Upper 
positions (low TWI values) have lower clay content while lower positions (high TWI values) 
increase in clay content (Fig. 9). When analyzed using a grid sampling scheme, there is less 
systematic variation in epipedon texture. · 
Epipedon Color 
Stepwise regression found dry color value can best be predicted (r2 = 0.54) with TWI 
and STI. The most significant variables for dry chroma include elevation, plan curvature, 
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and STI. Collectively they explain 58% of the spatial variance in epipedon chroma. This 
was lower than expected as surface colors are usually correlated with SOC values (Konen et 
al., 2003). Moderate relationships obtained could be due to CaC03 masking true colors. 
Chromameter readings were taken on ground, air-dried samples. Any nodules present could 
have been crushed and therefore mixed with the matrix colors. This could cause the 
chromameter to register higher value and lower chroma readings. 
4.0 Conclusion 
Soil landscape modeling is an effective tool in explaining and building predictive 
equations for soil attributes in the Loess Hills of western Iowa. Exploratory statistical 
analysis demonstrated that terrain variables calculated from a Sm DEM resolution were 
efficient in modeling variability in soil attributes. Significant relationships were observed 
between epipedon thickness, SOC and TWI. As TWI increased, SOC and epipedon 
thickness increased linearly. Weak to moderate relationships were observed with epipedon 
texture and terrain attributes, but appeared to be a result of the small ranges in texture and the 
sampling scheme used. Significant linear relationships were observed between clay content 
and TWI when analyzed on a transect basis. These findings are especially pedologically 
significant because of this sites open drainage system and the likelihood of stratigraphic 
hiatus. Work previously done on closed basin landforms of the Des Moines Lobe in Iowa 
(Walker and Ruhe, 1968; Burras and Scholtes, 1986) suggest this type of soil landscape 
modeling may work well. 
Results from this study could be questioned on the scale at which soil landscape 
modeling was completed. One key observation is that some soil properties, for various 
pedological reasons, do not lend themselves to terrain analysis. Although topography is a 
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major factor in explaining large scale variations in soil properties, it is only one factor in the 
many factors affecting soil formation. It can be concluded from this study that DEM 
resolution is an important determinant in the derivation of terrain attributes to predict soil 
properties. While significant relationships could be obtained between derived terrain 
attributes and soil properties at one resolution, these relationships quickly become non-
existent at other DEM resolutions. 
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Chapter III: Three-Dimensional Soil Landscape Modeling: A 
Potential Teaching Tool in Earth Science 
A paper to be submitted to the Journal of Natural 
Resources and Life Science Education 
B.M. Schmid and A. Manu 
Abstract 
Three-dimensional visualization is gaining popularity as an instruction tool in earth 
science. It's potential is till somewhat underused, especially in soil science, yet soil 
properties such as texture, color, organic carbon content vary both vertically and horizontally 
across the landscape and can be realistically modeled and visualized using a 3D geographic 
information system (GIS). This type of visualization offers instructors a unique method to 
deliver soil landscape information to students. The objectives of this paper are to: (1) explore 
the use of 3D soil landscape modeling to visualize pedological properties and processes on a 
loess landscape in western Iowa and (2) evaluate the feasibility of using such a model as an 
instruction tool. A 2.1 ha field was intensively characterized both in the field and in the 
laboratory. Data obtained were used to build 3D soil landscape models. Solid 3D soil 
horizons were created demonstrating the pedological properties and processes central to the 
site. As a cost-effective alternative, soil survey information was substituted for field 
collected data and used for model creation. While slight differences were visually present 
between the two models, they are not pedologically significant and more importantly do not 
undermine the teaching or learning of concepts and processes inherent to the site. This study 
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illustrates how 3D soil landscape models could be appealing and beneficial to students, but it 
also demonstrates that instructors must seriously consider the amount of time and money 
they are willing to invest in creating these models. 
1.0 Introduction 
Three-dimensional (3D) soil landscape modeling has recently gained attention as one 
way to quantify and visualize soil properties and processes occurring within the landscape 
(CRCLEME, 1999; Mendonca Santos, 2000; Grunwald et al., 2001; Grunwald and Barak, 
2003). The true 3D nature of the soil-landscape environment is the driving force behind the 
success of 3D soil landscape modeling (McSweeney et al., 1994). Soil properties such as 
texture, color, and carbon content vary vertically and horizontally across the landscape. 
These variations can be realistically modeled and visualized using a 3D GIS system 
(Grunwald and Barak, 2003). Three-dimensional soil landscape visualization has the ability 
to offer students insight and enhance their understanding of the real-world soil-landscape 
processes and products. Students become active participants in the learning process and are 
able to physically interact with the model through computer manipulation. Previous research 
on interactive learning by Hasket et al. (2001) found that interactive, hands on exploration 
increases student's confidence and facilitates active engagement in science courses. 
Soil science instructors commonly use 2D maps or GIS layers to visualize the spatial 
distribution of soil attributes on the landscape (Lee et al., 1999; McCallister et al., 2002). 
Draping 2D soil attribute maps or layers over a digital elevation model (DEM) may provide 
further insight about the soil landscape (Pennock and Acton 1989; Osher and Buol 1998). 
While this type of pseudo 3D or 2.5D soil landscape model takes into account elevation, it 
does not truly address the third dimension of the soil landscape reality, which is the 
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subsurface. Three-dimensional subsurface sketches (block diagrams) are often used in 
county soil survey reports to depict where certain soils occur and their distribution on the 
landscape. Block diagrams are not created from real data or interpolation methods and are 
often idealized, resulting in oversimplification of the landscape (Grunwald and Barak, 2003). 
Three dimensional visualization techniques have proven useful in other related 
disciplines. Green et al. (2002) found that 3D visualization of subsurface stratigraphic layers 
enables archeologists to perform powerful visual analysis and hypothesis testing. Baracca et 
al. (2001) used 3D visualizations and simulations to assess the capability of bacteria to 
degrade organic contaminants. 
The objectives ofthis study are to: (1) explore the use of 3D soil landscape modeling 
to visualize pedological properties and processes on a loess landscape in western Iowa and 
(2) to evaluate the feasibility of using such a model as an instruction tool. 
2.0 Field Sampling and Laboratory Analysis 
A 2.1 ha site in the Loess Hills regions of Monona County, Iowa was chosen to 
evaluate 3D soil landscape modeling as a visualization tool (Fig. 1). Pedological information 
collected from soil cores were used as the basis for 3D modeling. A truck mounted Giddings 
Hydraulic Probe was used to collect 54 soil cores to a depth of 1.4 meters. Cores were 
described using standard soil survey methods (Shoeneberger et al., 2002). Cores were 
analyzed for total carbon and nitrogen content by dry combustion using a Leco Truspec 
(Leco Corp., 2005). Inorganic carbon was determined using a modified pressure-calcimeter 
(Sherrod et al., 2002). Organic carbon was calculated by subtracting inorganic carbon 
content from total carbon content. 
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Accurate coordinate information for each core location is essential in creating 
realistic 3D soil landscape models. To obtain this information, vehicle based real time 
kinematic GPS (RTK-GPS) was used. RTK-GPS is a form of differential-GPS (DGPS) that 
uses carrier phase ambiguity resolution to achieve horizontal accuracies <1 cm and vertical 
accuracies from 2 to lOcm (CMT Z33 Operator's Manual, 1997). 
3.0 Site Characterization: Soil Classification and Key Pedological Process 
The Loess Hills landscape is generally characterized by narrow, gently sloping ridges 
and steep side slopes which gradually change to well-defined valleys (Prior, 1994). Soil 
morphological properties, such as color mixing (discrete, intermingled bodies of A and C 
horizon), A horizon thickness, and apparent visual stratification, suggest erosional and 
depositional processes characterize this landscape. This is consistent with the findings of 
Ruhe and Daniels (1965) and Daniels and Jordan (1966). Summit and backslope soils had 
thin A horizons and a high degree of color mixing. Soil in these positions have moderately to 
severely eroded A horizons, using soil survey criteria (Soil Survey Staff, 1993) and are 
generally classified as Typic Udorthents. Footslope and toeslope soils had thick A horizons, 
dark colors, and apparent visual stratification. These soils were considered to be depositional 
areas, with footslope soils classified as Typic Hapludolls and toeslope soils generally 
classified as Cumulic Hapludolls. 
Cambic B horizons were described in the footslope and toeslope positions. These 
horizons are the result of color changes from different periods of deposition and weak 
structural development. Similiar observations were made by Daniels and Jordan (1966) in 
Harrison County, IA. 
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4.0 Computer Visualization of Soil Horizon and Attribute Information 
Soil horizon designations, laboratory data, and coordinate information are the basis 
for 3D modeling. Elevations for the bottom of each horizon were calculated by subtracting 
horizon thickness from surface elevation (Fig.2). Visualization of individual cores, their 
horizon designations, and associated laboratory data was accomplished using spheres and 
tubes in Environmental Visualization Systems (EVS) (Copsey, 2005). Spheres represent the 
bottom of each horizon and tubes represent the thickness of each horizon. Soil attribute 
information can also be added to the model, for example, the spatial distribution of soil 
organic carbon can be visualized as a function of depth and horizon nomenclature on the 
landscape. Figure 3 shows horizon nomenclature along with associated organic carbon 
concentrations for six cores in a hillslope transect. Soil Science instructors can utilize these 
visualization techniques to demonstrate how horizon nomenclature and soil properties 
change, in this case, from summit to the footslope soils. Additional soil attribute information 
can be added to assist instructors in explaining hillslope processes occurring at a particular 
site or landform. 
5.0 3D Soil Landscape Modeling: The Process and Products 
Three-dimensional horizon surfaces were created from the sphere and tube data 
discussed in the previous section. Unsampled locations between cores were interpolated 
using 2D kriging procedures within EVS (Copsey, 2005). Kriging is used to estimate the 
value of random variables at unsampled location from known or measured points (Wester 
and Oliver, 2001). Results ofkriging procedure produce surfaces representing the bottom of 
each horizon. Surfaces are then volume rendered into solid, three-dimensional horizon 
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layers. Volume rendering is accomplished by creating a specified distribution of nodes in the 
Z dimension between surfaces (Copsey, 2005). Nodes between the surfaces make up the 
volume portion of the soil horizons and are distinguished by appropriate color schemes. 
Figure 4 shows the spatial distribution of soil horizons in 3D at the study site after volume 
rendering. 
Soil attribute data is added to the soil landscape model by using a 3D kriging 
procedure within EVS (Copsey, 2005). The treatment of anisotropy is the main difference 
between 2D and 3D kriging (Webster and Oliver, 2001). Anisotropy exists when the 
magnitude of variance is directional, meaning more pronounced in the horizontal or vertical 
direction. In this kriging procedure, anisotropy is handled by using a multiplication factor 
which assigns weights for sample points in the horizontal or vertical direction away from a 
given sample point (Copsey, 2005). This is important when known sample locations in the z 
direction are spaced closer together than those in the xy directions. If anisotropy is not 
properly dealt with, data from the bottom of each core will significantly influence kriged 
values of surface properties in the xy directions, thus creating an unrealistic model. 
Determination of this factor depends on the spatial variation of the particular soil property 
modeled. For this study, a horizontal/vertical anisotropy factor of 50 was used to weight 
samples in the horizontal direction. 
Visualization of individual soil horizons and their associated properties is 
accomplished through an explode distance factor. This factor pulls apart the soil horizons by 
using a scaling factor to place a specified distance between each horizon. Students can then 
interact with each horizon and visualize the spatial distribution of soil attributes across the 
landscape (Fig. 5). Vertical cuts can be used to examine different portions of the landscape 
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at the nano level or the middle of each horizon at the micro level (Fig. 6). These 
visualization techniques can be very powerful in enhancing students understanding of soil-
landscape properties and processes. 
6.0 Alternative Data Sources for Creating 3D Soil Landscape Models and 
Their Feasibility for Teaching 
For most instructors, detailed sampling schemes, soil description and subsequent 
laboratory characterizations may be an unrealistic method for building 3D soil landscape 
models. Time or monetary constraints may not allow for detailed site characterizations. As 
proxy, sites and associated soil properties can be chosen based on prior research projects or 
where soil pedon descriptions and associated laboratory data are available from the National 
Soil Survey Characterization Laboratory (NSSCL, 2005) or other state run laboratories. 
Using soil survey information, an alternative 3D soil landscape model was developed 
for this study site (Fig. 7). Soil pedon descriptions and laboratory data obtained from the 
Iowa Cooperative Soil Survey were used as the basis for modeling. Soil core locations were 
assigned soil data based on the map unit in which the core was associated. The same kriging 
procedures, as discussed earlier, were used to construct 3D soil horizons. 
Although, minor visual differences between the model derived from detailed 
sampling and then one derived from soil survey data can be observed (Fig. 8), the general 
horizon sequences (Ap-AC-C or Ap-A-AB-Bw-C) are similar. The main differences 
between the two models can be seen in the spatial distribution of soil horizons and SOC 
concentration. While these differences are visually present, they are not pedologically 
significant and do not undermine concepts and processes inherent to the site. 
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Using soil survey information in place of data from detailed site characterization 
offers a cost effective method for building 3D soil landscape models. Monetary costs 
associated with software acquisition are negligible considering that free developmental 
software is available to instructors of higher education. The free software has limited 
capabilities, but can be built specifically for the purposes of a class. The main expense 
associated with 3D soil landscape modeling is the time spent learning the GIS software and 
understanding the site. A background in GIS modeling is beneficial and will facilitate 
efficient model creation. Even with the background discussed, data organication and model 
building may take several weeks. 
7.0 Summary 
Three-dimensional soil landscape modeling offers insightful methods for students to 
learn about pedological concepts. Although not specifically addressed in this paper, 3D 
visualization could also assist students in understanding watershed scale processes and 
products. In this study, visualization techniques used to display subsurface horizons and soil 
properties in 3D can enhance students understanding of soils and landscapes. While one can 
use data acquired from detailed site characterizations, alternative data sources, such as soil 
survey information or data from previous research projects, offer instructors an economically 
feasible method for 3D model creation. For this project, soil survey information was 
substituted for field data and used in model creation. There are slight visual differences 
between the two models, but they are not pedologically significant and do not undermine 
concepts and processes inherent to the site. Free developmental software is available to 
instructors of higher education and can be specifically designed for classroom purposes. 
While development of 3D soil landscape models is appealing and beneficial to students, 
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instructors must seriously consider the amount of time and money they are willing to invest 
in creating these models. 
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Figure 7. SoH landscape model created from Soil Survey infonnation. 
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Chapter IV: General Conclusion 
Terrain analysis and 3D visualization are effective tools in explaining and visualizing 
the spatial distribution of soil attributes in the Loess Hills of western Iowa. Soil landscape 
models composed of terrain attributes calculated from a Sm DEM resolution efficiently 
capture the variability in soil attributes on the landscape. Significant relationships were 
observed between epipedon thickness, SOC and TWI. As TWI increased, SOC and epipedon 
thickness increased linearly. Weak to moderate relationships were observed with epipedon 
texture and terrain attributes, but this appeared to be a result of the small ranges in the texture 
variables and the sampling scheme used. Significant linear relationships were observed 
between clay content and TWI when data analysis was carried out on a transect basis. These 
findings are pedologically significant considering given the site is part of an open drainage 
system where stratigraphic hiatus are common. Work previously done on closed basin 
landforms of the Des Moines Lobe in Iowa (Walker and Ruhe, 1968; Burras and Scholtes, 
1986) suggests this type of soil landscape modeling may work well. The potential for soil 
landscape modeling on other landforms in Iowa should be explored. 
One key observation of this study is some soil properties, for various pedological 
reasons, do not lend themselves to terrain analysis. Although topography is a major factor in 
explaining large scale variations in soil properties, it is only one factor in the many factors 
affecting soil variability. It is concluded that DEM resolution is an important determinant in 
the derivation of terrain attributes to predict soil properties. Although significant 
relationships can be obtained between derived terrain attributes and soil properties at one 
resolution, they can become non-apparent at other DEM resolutions. 
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Further study applying terrain analysis to the spatial prediction of soil properties is 
needed, specifically studies that investigate additional vertical and lateral variations of soil 
properties. It is well known that soils are anisotropic in both vertical and lateral directions, 
and in most places vertical soil variation is more pronounced than lateral (Wilding et al., 
1994). This research and previous work only dealt with lateral variations, probably because 
of complexity in statistical analysis. Multivariate statistical techniques, mainly principal 
component analysis, may provide information on relevant environmental factors or the soil 
forming processes involved and controlling the vertical and lateral spatial distribution of soil 
properties. 
Three-dimensional soil landscape modeling and visualization offer instructors 
exciting methods to teach students pedological concepts. Visualization techniques that 
display subsurface horizons and soil properties in 3D have the ability to enhance students 
understanding of soils and landscapes. Cost-effective 3D soil landscape models were built 
using soil survey information. Slight visual differences in pedological properties were 
obtained between models developed using site characterization data and soil survey data, but 
these differences are not significant and do not undermine concepts and processes inherent to 
the site. Free developmental software is available to instructors of higher learning and can be 
specifically designed for classroom purposes. While development of 3D soil landscape 
models is appealing and beneficial to students, instructors must seriously consider the 
amount of time and money they are willing to invest in creating these models. 
Further investigation using 3D visualization techniques to soil science is needed. 
Specifically, studies that examine appropriate methods of vertical subsurface exaggeration, 
which will be beneficial to soil science. Subsequent studies should also investigate the use of 
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time domain animation as a visualization tool. For example, studies that seek to add water 
table information over a specified time period could greatly enhance the usefulness of these 
models. 
Overall, 2D and 3D soil landscape modeling proved to be effective in explaining and 
visualizing the spatial variation of soil properties on the landscape. Further studies refining 
both techniques are necessary to enhance the practical application of these technologies. 
Acknowledgements 
I wish to express my sincere gratitude to Dr. Andrew Manu for his guidance and 
support throughout my graduate program. I would also like to thank my committee 
members Dr. Thomas Fenton, Dr. Lee Burras, and Dr. Sarah Nusser for their help and 
guidance during the course of my graduate program. 
A special thanks to Dr. Thomas Fenton for allowing me to use and work in the Soil 
Survey Characterization Laboratory. Without this, my project would not have been possible. 
Finally, I would like to thank my wife, parents, and sisters for their love, patience, 
and support, it means more to me then you'll ever know. 
60 
References 
Burras, C.L., W.H. Scholtes. 1987. Basin properties and postglacial erosion rates of minor 
moraines in Iowa. Soil Sci. Soc. Am. J. 51:1541-1547. 
Walker, P.H., R.V. Ruhe. 1968. Hillslope models and soil formation. II. Closed Systems. 
Trans. Int. Congr. Soil Sci., 9th 58:561-568. 
Wilding, L.P., J. Bouman, and D.W. Goss. 1994. Impact of spatial variability on 
interpretative modeling. p. 61-75. In R.B. Bryant and R.W. Arnold (ed.) Quantitative 




Soil Series: IDA 
Core Number: 1 
Map Unit Symbol: 1F2 
Location: Western Iowa Research Farm. 
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X = 264878.747, Y = 4660838.288, Z = 431.51 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Backslope 
Slope Characteristics: 18% 
Precipitation: Udic Moisture Regime 
Date: 7/10/2003 
Ap-- 0 to 4.5 cm; dark brown (lOYR 3/3) silt loam; moderate fine granular structure; 
very friable; many very fine and fine roots; very slight effervescence; abrupt smooth 
boundary. 
A -- 4.5 to 14 cm; dark yellowish brown (1 OYR 3/4) silt loam; weak fine subangular 
blocky parting to weak fine granular structure; very friable; many very fine and fine roots; 
strongly effervescent; clear smooth boundary. 
AC -- 14 to 30 cm; dark yellowish brown (lOYR 3/3.5) silt loam; weak fine 
subangular blocky structure; friable; many very fine and fine roots; strongly effervescent; 
clear smooth boundary. 
Cl -- 30 to 42 cm; brown (lOYR 4.5/3) silt loam; massive; friable; few very fine and 
fine roots; few fine irregular carbonate concretions; strongly effervescent; clear smooth 
boundary. 
C2 -- 42 to 97 cm; yellowish brown (lOYR 5/3.5) silt loam; massive; slightly hard; 
few fine carbonate concretions; few very fine and fine roots; few fine faint yellowish brown 
(1 OYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 97 to 140 cm; yellowish brown (1OYR5/4) silt loam; massive; slightly hard; 
few fine roots; few fine carbonate concretions; few fine faint yellowish brown ( 1 OYR 5/6) 
redoximorphic concentrations; strongly effervescent. 
Soil Series: IDA 
Core Number: 2 
Map Unit Symbol: 1D3 
Location: Western Iowa Research Farm. 
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X = 264906.987, Y = 4660835.368, Z = 430.95 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Summit 
Slope Characteristics: 9% 
Precipitation: Udic Moisture Regime 
Date: 7110/2003 
Ap-- 0 to 4.5 cm; dark brown (lOYR 3/3) silt loam; moderate fine granular structure; 
very friable; many very fine and fine roots; very slight effervescence; abrupt smooth 
boundary. 
A -- 4.5 to 16 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine subangular 
blocky parting to weak fine granular structure; very friable; many very fine and fine roots; 
strongly effervescent; clear smooth boundary. 
AC -- 16 to 32 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; strongly effervescent; clear 
smooth boundary. 
Cl -- 32 to 50 cm; yellowish brown (lOYR 5/4) silt loam; massive; slightly hard; few 
very fine and fine roots; few fine irregular carbonate concretions; strongly effervescent; clear 
smooth boundary. 
C2 -- 50 to 76 cm; yellowish brown (lOYR 5/4) silt loam; massive; slightly hard; few 
fine carbonate concretions; common very fine and fine roots; few fine faint yellowish brown 
(lOYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 76 to 102 cm; light yellowish brown (2.5Y 6/3) silt loam; massive; slightly · 
hard; few fine roots; few fine carbonate concretions; few fine faint yellowish brown (lOYR 
5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 -- 102-140 cm; light yellowish brown (2.5Y 6/4) silt loam; massive; moderately 
hard; few fine roots; few fine carbonate concretions; few fine faint yellowish brown (1 OYR 
5/6.5) redoximorphic concentrations; strongly effervescent. 
Soil Series: IDA 
Core Number: 3 
Map Unit Symbol: 1D3 
Location: Western Iowa Research Farm. 
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X = 264922.263, Y = 660835.379, Z = 429.74 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Shoulder 
Slope Characteristics: 9% 
Precipitation: Udic Moisture Regime 
Date: 7 /10/2003 
Ap-- 0 to 5 cm; dark brown (lOYR 3/3) silt loam; moderate fine granular structure; 
very friable; many very fine and fine roots; very slight effervescence; abrupt smooth 
boundary. 
A -- 5 to 20 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky parting to 
weak fine granular structure; few fine carbonate concretions; very friable; many very fine 
and fine roots; strongly effervescent; clear smooth boundary. 
AC -- 20 to 33 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; few fine carbonate concretions; 
strongly effervescent; clear smooth boundary. 
Cl -- 33 to 63 cm; yellowish brown (lOYR 5/6) silt loam; massive; slightly hard; few 
very fine and fine roots; few fine irregular carbonate concretions; strongly effervescent; clear 
smooth boundary. 
C2 -- 63 to 94 cm; light yellowish brown (2.5Y 6/3) silt loam; massive; slightly hard; 
few fine carbonate concretions; common very fine and fine roots; few fine faint yellowish 
brown (1 OYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth 
boundary. 
C3 -- 94 to 140 cm; light yellowish brown (2.5Y 6/3) silt loam; massive; slightly 
hard; few fine carbonate concretions; common very fine and fine roots; few fine faint 
yellowish brown (lOYR 5/6) redoximorphic concentrations; strongly effervescent; clear 
smooth boundary. 
Soil Series: IDA 
Core Number: 4 
Map Unit Symbol: 1F2 
Location: Western Iowa Research Farm. 
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X = 264937.068, Y = 4660834.523, Z = 427.08 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Back slope 
Slope Characteristics: 18% 
Precipitation: Udic Moisture Regime 
Date: 7 /1112003 
Ap-- 0 to 7.0 cm; dark brown (lOYR 3/3) silt loam; moderate fine granular structure; 
very friable; many very fine and fine roots; very slight effervescence; abrupt smooth 
boundary. 
A -- 7 to 26 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine subangular 
blocky parting to weak fine granular structure; very friable; many very fine and fine roots; 
strongly effervescent; clear smooth boundary. 
AC -- 26 to 45 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine subangular 
blocky structure; friable; common very fine roots; strongly effervescent; clear smooth 
boundary. 
Cl -- 45 to 74 cm; light yellowish brown (2.5Y 6/4) silt loam; massive; slightly hard; 
few very fine and fine roots; few fine carbonate concretions; strongly effervescent; clear 
smooth boundary. 
C2 -- 74 to 101 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; few 
fine carbonate concretions; common very fine and fine roots; few fine faint yellowish brown 
(lOYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 101 to 129 cm; light yellowish brown (2.5Y 6/4) silt loam; massive; slightly 
hard; few fine roots; few fine carbonate concretions; few fine faint yellowish brown (1 OYR 
5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 -- 129-140 cm; light yellowish brown (2.5Y 6/4) silt loam; massive; moderately 
hard; few fine roots; few fine carbonate concretions; few fine faint yellowish brown (1 OYR 
5/6.5) redoximorphic concentrations; strongly effervescent. 
Soil Series: Monona 
Core Number: 5 
Map Unit Symbol: 1 OB 
Location: Western Iowa Research Farm. 
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X = 264965.704, Y = 4660833.544, Z = 422.77 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic, Typic Hapludoll 
Geomorphic Position: Toe slope 
Slope Characteristics: 3% 
Precipitation: Udic Moisture Regime 
Date: 7 /11/2003 
Ap-- 0 to 21 cm; very dark grayish brown (IOYR 3/2) silt loam; weak fine granular 
structure; friable; many very fine and fine roots; neutral; clear smooth boundary. 
A-- 21to37 cm; dark brown (IOYR 3/3) silt loam; weak fine subangular blocky 
structure parting to weak fine granular structure; friable; many very fine and fine roots; 
neutral; clear smooth boundary. 
BA -- 37 to 47 cm; dark brown (IOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl-- 47 to 70 cm; dark yellowish brown (IOYR 3/4) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; gradual smooth 
boundary. 
Bw2 -- 70 to 103 cm; dark yellowish brown (IOYR 4/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine roots; slightly alkaline; gradual 
smooth boundary. 
Bw3 -- 103 to 118 cm; dark yellowish brown (IOYR 3/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine and fine roots; few faint brown 
(7.5YR 4/4) redoximorphic concentrations; slightly alkaline; gradual smooth boundary. 
C -- 118 to 140 cm; yellowish brown (IOYR 5/4) silt loam; massive; slightly hard; 
few very fine roots; few fine carbonate concretions; few faint brown (7.5Y 4/4) redox 
concentrations; few faint light grayish brown (2.5Y 6/2) redox depletions; slightly 
effervescent. 
Soil Series: Monona 
Core Number: 6 
Map Unit Symbol: 1 OC 
Location: Western Iowa Research Farm. 
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X = 264966.042, Y = 4660803.187, Z = 420.74 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic, Typic Hapludoll 
Geomorphic Position: Toe slope 
Slope Characteristics: 8% 
Precipitation: Udic Moisture Regime 
Date: 7 /1112003 
Ap-- 0 to 26 cm; very dark grayish brown (1OYR3/2) silt loam; weak fine granular 
structure; friable; many very fine and fine roots; slightly acid; clear smooth boundary. 
A -- 26 to 48 cm; dark brown (1 OYR 3/3) silt loam; weak fine subangular blocky 
structure parting to weak fine granular structure; friable; many very fine and fine roots; 
neutral; clear smooth boundary. 
BA -- 48 to 65 cm; brown (lOYR 3.5/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl-- 65 to 94 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; gradual smooth 
boundary. 
Bw2 -- 94 to 121 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine roots; neutral; gradual smooth 
boundary. 
Bw3 -- 121to140 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine and fine roots; few faint brown 
(7.5YR 4/4) redoximorphic concentrations; neutral; gradual smooth boundary. 
Soil Series: IDA, taxajunct 
Core Number: 7 
Map Unit Symbol: 1F2 
Location: Western Iowa Research Fann. 
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X = 264937.594, Y = 4660803.765, Z = 423.93 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic, Typic Eutrudept 
Geomorphic Position: Back slope 
Slope Characteristics: 23% 
Precipitation: Udic Moisture Regime 
Date: 7 /1112003 
Ap-- 0 to 4.5 cm; dark brown (lOYR 3/3) silt loam; moderate fine granular structure; 
very friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
A -- 4.5 to 24 cm ; dark yellowish brown (1 OYR 3/4) silt loam; weak fine subangular 
blocky parting to weak fine granular structure; very friable; many very fine and fine roots; 
slightly effervescent; clear smooth boundary. 
Bkl -- 24 to 44 cm; light yellowish brown (2.5Y 6/4) silt loam; weak fine subangular 
blocky structure; friable; many fine to medium carbonate concretions; common very fine and 
fine roots; few fine faint yellowish brown (lOYR 5/6) redoximorphic concentrations; 
strongly effervescent; clear smooth boundary. 
Bk2 -- 44 to 76 cm; light yellowish brown (2.5Y 6/4) silt loam; massive parting to 
weak fine subangular blocky structure; friable; few very fine and fine roots; common fine 
carbonate concretions; few fine faint yellowish brown (1 OYR 5/6) redoximorphic 
concentrations; strongly effervescent; clear smooth boundary. 
Cl -- 76 to 129 cm; light yellowish brown (2.5Y 6/4) silt loam; massive; slightly 
hard; few fine carbonate concretions; few very fine and fine roots; few fine faint yellowish 
brown (1 OYR 5/6) redoximorphic concentrations; few fine faint yellowish brown (1 OYR 5/6) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 129 to 140 cm; light yellowish brown (2.5Y 6/4) silt loam; massive; slightly 
hard; few fine roots; few fine carbonate concretions; few fine faint yellowish brown (lOYR 
5/6) redoximorphic concentrations; strongly effervescent. 
Soil Series: IDA, taxajunct 
Core Number: 8 
Map Unit Symbol: 1D3 
Location: Western Iowa Research Farm. 
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X = 264922.258, Y = 4660805.082, Z = 427.37 (UTM Zone 15, meters, NAD83) 
Classification: Coarse-silty, mixed, superactive, calcareous, mesic, Typic Udorthent 
Geomorphic Position: shoulder 
Slope Characteristics: 9% 
Precipitation: Udic Moisture Regime 
Date: 7/11/2003 
Ap-- 0 to 6.0 cm; dark brown (lOYR 3/3) silt loam; moderate fine granular structure; 
very friable; many very fine and fine roots; very slight effervescence; abrupt smooth 
boundary. 
A -- 6 to 18 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine subangular 
blocky parting to weak fine granular structure; very friable; common very fine and fine roots; 
few fine carbonate concretions; strongly effervescent; clear smooth boundary. 
AC -- 18 to 33 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine subangular 
blocky structure; friable; common very fine roots; few fine irregular carbonate concretions; 
strongly effervescent; clear smooth boundary. 
Cl -- 33 to 55 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; few 
very fine and fine roots; few fine carbonate concretions; few fine faint yellowish brown 
(1 OYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C2 --55 to 108 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; few 
fine carbonate concretions; common very fine and fine roots; few fine faint yellowish brown 
(lOYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 108 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; 
few fine roots; few fine carbonate concretions; few fine faint yellowish brown (lOYR 5/6) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
Soil Series: IDA 
Core Number: 9 
Map Unit Symbol: 1E3 
Location: Western Iowa Research Farm. 
70 
X = 264907.093, Y = 4660805.066, Z = 427.01 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Back slope 
Slope Characteristics: 19% 
Precipitation: Udic Moisture Regime 
Date: 7 /11/2003 
Ap-- 0 to 4 cm; dark brown (lOYR 3/3) silt loam; moderate fine granular structure; 
very friable; many very fine and fine roots; very slight effervescence; abrupt smooth 
boundary. 
A -- 4 to 20 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine subangular 
blocky parting to weak fine granular structure; very friable; many very fine and fine roots; 
strongly effervescent; clear smooth boundary. 
AC -- 20 to 40 cm; brown ( 1OYR4/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine roots; strongly effervescent; clear smooth boundary. 
Cl -- 40 to 60 cm; light yellowish brown (2.5Y 6/4) silt loam; massive; friable; few 
very fine and fine roots; few fine carbonate concretions; strongly effervescent; clear smooth 
boundary. 
C2 -- 60 to 81 cm; light olive brown (2.5Y 5/4) silt loam; massive; friable; few fine 
carbonate concretions; common very fine and fine roots; few fine faint yellowish brown 
(1 OYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 81 to 110 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; few 
fine roots; few fine carbonate concretions; few fine faint yellowish brown (lOYR 5/6) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 -- 110 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; moderately 
hard; few fine roots; few fine carbonate concretions; few fine faint yellowish brown (1 OYR 
5/6.5) redoximorphic concentrations; strongly effervescent. 
Soil Series: 
Core Number: 10 
Map Unit Symbol: 
Location: Western Iowa Research Farm. 
71 
X = 264878.001, Y = 4660812.846, Z = 434.65 (UTM Zone 15, meters, NAD83) 
Classification: 
Geomorphic Position: Back slope 
Slope Characteristics: 19% 
Precipitation: Udic Moisture Regime 
Date: 7 /11/2003 
Ap -- 0 to 14 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine 
subangular blocky structure parting to weak fine granular structure; very friable; many very 
fine and fine roots; neutral; abrupt smooth boundary. 
Al -- 14 to 30 cm; dark brown (lOYR 3/3.5) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; very slight effervescence; clear smooth 
boundary. 
A2 -- 30 to 37 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine roots; very slight effervescence; abrupt smooth 
boundary. 
2Al -- 37 to 47 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine 
subangular block structure; friable; few very fine roots; very slight effervescence; abrupt 
smooth boundary. 
2AC -- 47 to 54 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; many fine and very fine roots; few fine carbonate concretions; strongly 
effervescent; abrupt smooth boundary. 
3Bwl -- 54 to 74 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine 
subangular blocky structure; friable; few very fine roots; slight effervescence; clear smooth 
boundary. 
3Bw2 -- 74 to 86 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine roots; slight effervescence; clear smooth boundary. 
3BC -- 86 to 105 cm; dark yellowish brown (lOYR 4/4) silt loam; massive parting to 
weak fine subangular blocky structure; friable; few very fine roots; slight effervescence; clear 
smooth boundary. 
3Cl -- 105 to 128 cm; yellowish brown (lOYR 5/4) silt loam; massive; slightly hard; 
few fine faint yellowish brown (1 OYR 5/6) redoximorphic concentrations; slight 
effervescent; clear smooth boundary. 
72 
3C2 -- 128 to 140 cm; yellowish brown (lOYR 5/4) silt loam; massive; slightly hard; 
few fine faint yellowish brown (1 OYR 5/6) redoximorphic concentrations; strongly 
effervescent; clear smooth boundary. 
Soil Series: Monona 
Core Number: 11 
Map Unit Symbol: 1 OD 
Location: Western Iowa Research Farm. 
73 
X = 264877.858, Y = 4660777.229, Z = 422.15 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic, Typic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 5% 
Precipitation: Udic Moisture Regime 
Date: 7 /11/2003 
Ap-- 0 to 17 cm; very dark grayish brown (1 OYR 3/2) silt loam; weak fine granular 
structure; friable; many very fine and fine roots; neutral; clear smooth boundary. 
A -- 17 to 44 cm; dark brown ( 1 OYR 3/2.5) silt loam; weak fine subangular blocky 
structure parting to weak fine granular structure; friable; many very fine and fine roots; 
neutral; clear smooth boundary. 
AB -- 44 to 69 cm; dark brown (IOYR 3/3.5) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl-- 69 to 100 cm; dark yellowish brown (IOYR 3/4) silt loam; weak fine 
subangular blocky structure; friable; common very fine and fine roots; neutral; gradual 
smooth boundary. 
Bw2 -- 100 to 125 cm; dark yellowish brown (IOYR 4/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine roots; slightly alkaline; gradual 
smooth boundary. 
BC -- 125 to 140 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine and fine roots; slightly alkaline; 
gradual smooth boundary. 
Soil Series: IDA, taxajunct 
Core Number: 12 
Map Unit Symbol: 1E3 
Location: Western Iowa Research Farm. 
74 
X = 264907.554, Y = 4660775.467, Z = 423.87 (UTM Zone 15, meters, NAD83) 
Classification: Coarse-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Back Slope 
Slope Characteristics: 16% 
Precipitation: Udic Moisture Regime 
Date: 7 /11/2003 
Ap -- 0 to 5.5 cm; dark brown (IOYR 3/3) silt loam; medium fine granular structure; 
very friable; many fine and very fine roots; strongly effervescent; abrupt smooth boundary. 
A -- 5.5 to 19 cm; dark yellowish brown (IOYR 3/4) silt loam; weak fine subangular 
blocky parting to weak fine granular structure; very friable; many very fine and fine roots; 
strongly effervescent; clear smooth boundary. 
AC -- 19 to 32 cm; dark yellowish brown (IOYR 4/4) silt loam; weak fine subangular 
blocky structure; friable; common very fine roots; common fine carbonate concretions; 
strongly effervescent; clear smooth boundary. 
Cl -- 32 to 63 cm; yellowish brown (IOYR 5/4) silt loam; massive; friable; few very 
fine and fine roots; few fine to medium carbonate concretions; strongly effervescent; clear 
smooth boundary. 
C2 -- 63 to 85 cm; light olive brown (2.5Y 5/4) silt loam; massive; friable; few fine 
carbonate concretions; common very fine and fine roots; few fine faint yellowish brown 
(IOYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 85 to 110 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; few 
fine roots; few fine carbonate concretions; few fine faint yellowish brown (IOYR 5/6.5) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 -- 110 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; moderately 
hard; few fine roots; few fine carbonate concretions; few fine faint yellowish brown (IOYR 
5/6.5) redoximorphic concentrations; strongly effervescent. 
Soil Series: IDA, taxajunct 
Core Number: 13 
Map Unit Symbol: 1E3 
Location: Western Iowa Research Farm. 
75 
X = 264922.132, Y = 4660774.178, Z = 424.38 (UTM Zone 15, meters, NAD83) 
Classification: Coarse-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Back Slope 
Slope Characteristics: 16% 
Precipitation: Udic Moisture Regime 
Date: 7/12/2003 
Ap -- 0 to 5 cm; dark brown (1OYR3/3) silt loam; medium fine granular structure; 
very friable; many fine and very fine roots; very slight effervescent; abrupt smooth boundary. 
A -- 5 to 18 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine subangular 
blocky parting to weak fine granular structure; very friable; many very fine and fine roots; 
strongly effervescent; clear smooth boundary. 
AC -- 18 to 35 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine subangular 
blocky structure; friable; common very fine roots; strongly effervescent; clear smooth 
boundary. 
Cl -- 35 to 56 cm; yellowish brown (lOYR 5/4) silt loam; massive; friable; few very 
fine and fine roots; strongly effervescent; clear smooth boundary. 
C2 -- 56 to 87 cm; light olive brown (2.5Y 5/4) silt loam; massive; friable; few fine 
carbonate concretions; common very fine and fine roots; few fine faint yellowish brown 
(lOYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 87 to 120 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; few 
fine roots; few fine carbonate concretions; few fine faint yellowish brown (1 OYR 5/6.5) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 -- 120 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; moderately 
hard; few fine roots; few fine carbonate concretions; few fine faint yellowish brown (1 OYR 
5/6.5) redoximorphic concentrations; strongly effervescent. 
Soil Series: IDA 
Core Number: 14 
Map Unit Symbol: 1F3 
Location: Western Iowa Research Farm. 
76 
X = 264937.818, Y = 4660774.142, Z = 421.38 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Back slope 
Slope Characteristics: 22% 
Precipitation: Udic Moisture Regime 
Date: 7/12/2003 
Ap-- 0 to 5 cm; dark brown (lOYR 3/3) silt loam; moderate fine granular structure; 
very friable; many very fine and fine roots; very slight effervescence; abrupt smooth 
boundary. 
A -- 5 to 17 cm; dark yellowish brown (lOYR 3/3.5) silt loam; weak fine subangular 
blocky; friable; few medium carbonate concretions; many very fine and fine roots; strongly 
effervescent; clear smooth boundary. 
AC -- 17 to 35 cm; yellowish brown (1OYR5/4) silt loam; weak fine subangular 
blocky structure; friable; common very fine roots; strongly effervescent; clear smooth 
boundary. 
Cl -- 35 to 49 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; few 
very fine and fine roots; few fine carbonate concretions; few fine faint yellowish brown 
(1OYR5/6); strongly effervescent; clear smooth boundary. 
C2 -- 49 to 75 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; 
common very fine and fine roots; few fine faint yellowish brown (1 OYR 5/6) redoximorphic 
concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 75 to 102 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; few 
fine roots; few fine carbonate concretions; few fine faint yellowish brown (1 OYR 5/6) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 -- 102 to 119 cm; light olive brown (2.5Y 5/4) silt loam; massive; moderately 
hard; few fine roots; few fine carbonate concretions; many fine distinct yellowish brown 
( 1 OYR 5/6) redoximorphic concentrations; strongly effervescent. 
CS -- 119 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; moderately 
hard; few fine carbonate concretions; many fine distinct yellowish brown (1 OYR 5/6) 
redoximorphic concentrations; strongly effervescent. 
Soil Series: Napier 
Core Number: 15 
Map Unit Symbol: 12C 
Location: Western Iowa Research Farm. 
77 
X = 264967.335, Y = 4660774.195, Z = 418.84 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Toe slope 
Slope Characteristics: 5% 
Precipitation: Udic Moisture Regime 
Date: 7112/2003 
Ap-- 0 to 25 cm; very dark brown (lOYR 2/2) silt loam; medium fine granular 
structure; friable; many very fine and fine roots; slightly acid; clear smooth boundary. 
A -- 25 to 48 cm; very dark grayish brown (1 OYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; common very fine and fine roots; neutral; clear smooth 
boundary. 
AB -- 48 to 68 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl-- 68 to 98 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine subangular 
blocky structure; friable; few very fine and fine roots; neutral; gradual smooth boundary. 
Bw2 -- 98 to 124 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine roots; neutral; gradual smooth 
boundary. 
Bw3 -- 124 to 140 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine roots; neutral; gradual smooth 
boundary. 
Soil Series: Monona 
Core Number: 16 
Map Unit Symbol: 1 OC 
Location: Western Iowa Research Farm. 
78 
X = 264967.967, Y = 4660744.357, Z = 417.86 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Typic Hapludoll 
Geomorphic Position: Toe slope 
Slope Characteristics: 5% 
Precipitation: Udic Moisture Regime 
Date: 7/12/2003 
Ap-- 0 to 23 cm; very dark brown (1 OYR 2/2) silt loam; medium fine granular 
structure; friable; many very fine and fine roots; slightly acid; clear smooth boundary. 
A -- 23 to 39 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; common very fine and fine roots; neutral; clear smooth 
boundary. 
AB -- 39 to 57 cm; dark brown (1OYR3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl-- 57 to 73 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine subangular 
blocky structure; friable; few very fine and fine roots; neutral; gradual smooth boundary. 
Bw2 -- 73 to 105 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine 
subangular blocky structure; friable; few very fine roots; neutral; gradual smooth boundary. 
BC -- 105 to 133 cm; dark yellowish brown (lOYR 4/4) silt loam; massive parting to 
weak fine subangular blocky structure; slightly hard; few very roots; few fine distinct 
yellowish brown (1 OYR 5/6) redoximorphic concentrations; strongly effervescent; gradual 
smooth boundary. 
C -- 133 to 140 cm; yellowish brown (lOYR 5/4) silt loam; massive; slightly hard; 
few fine distinct yellowish brown (lOYR 5/6) redoximorphic concentrations; strongly 
effervescent. 
Soil Series: IDA, taxajunct 
Core Number: 17 
Map Unit Symbol: 1F2 
Location: Western Iowa Research Farm. 
79 
X = 264938.849, Y = 4660744.213, Z = 418.97 (UTM Zone 15, meters, NAD83) 
Classification: Coarse-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Back Slope 
Slope Characteristics: 20% 
Precipitation: Udic Moisture Regime 
Date: 7/13/2003 
Ap -- 0 to 5 cm; very dark grayish brown (lOYR 3/2) silt loam; medium fine granular 
structure; very friable; many fine and very fine roots; very slight effervescent; abrupt smooth 
boundary. 
A2 -- 5 to 20 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; many very fine and fine roots; strongly effervescent; clear smooth 
boundary. 
AC -- 20 to 39 cm; brown (lOYR 5/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine roots; strongly effervescent; clear smooth boundary. 
Cl -- 39 to 60 cm; light olive brown (2.5Y 5/4) silt loam; massive parting to weak 
fine subangular structure; friable; few very fine and fine roots; few fine faint yellowish 
brown (1 OYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth 
boundary. 
C2 -- 60 to 82 cm; light olive brown (2.5Y 5/4) silt loam; massive; friable; few fine 
carbonate concretions; common very fine and fine roots; few fine faint yellowish brown 
(lOYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 82 to 104 cm; light olive brown (2.5Y 5/3) silt loam; massive; friable; few fine 
roots; few fine carbonate concretions; few fine faint yellowish brown (lOYR 5/6.5) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 --104 to 129 cm; light olive brown (2.5Y 5/3.5) silt loam; massive; slightly hard; 
few fine roots; few fine carbonate concretions; few fine faint yellowish brown (1 OYR 5/6.5) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
CS -- 129 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; 
few fine to medium carbonate concretions; few fine faint yellowish brown (1 OYR 5/6) 
redoximorphic concentrations; strongly effervescent. 
Soil Series: IDA, taxajunct 
Core Number: 18 
Map Unit Symbol: 1D2 
Location: Western Iowa Research Farm. 
80 
X = 264922.943, Y = 4660745.359, Z = 421.14 (UTM Zone 15, meters, NAD83) 
Classification: Coarse-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Back Slope 
Slope Characteristics: 13% 
Precipitation: Udic Moisture Regime 
Date: 7 /13/2003 
Ap -- 0 to 4 cm; very dark grayish brown (1 OYR 3/2) silt loam; medium fine granular 
structure; very friable; many fine and very fine roots; very slight effervescent; abrupt smooth 
boundary. 
A2 -- 4 to 18 cm; dark brown (IOYR 3/3) silt loam; weak fine subangular blocky 
structure; very friable; many very fine and fine roots; strongly effervescent; clear smooth 
boundary. 
AC -- 18 to 34 cm; brown (IOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine roots; few fine faint yellowish brown (IOYR 5/6) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
Cl -- 34 to 56 cm; light yellowish brown (IOYR 4/4) silt loam; massive parting to 
weak fine subangular structure; friable; common very fine and fine roots; few fine faint 
yellowish brown (lOYR 5/6) redoximorphic concentrations; strongly effervescent; clear 
smooth boundary. 
C2 -- 56 to 77 cm; light olive brown (2.5Y 5/3) silt loam; massive; friable; few fine 
carbonate concretions; common very fine and fine roots; few fine faint yellowish brown 
(1 OYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 77 to 112 cm; light olive brown (2.5Y 5/3) silt loam; massive; friable; few very 
fine roots; few fine carbonate concretions; few fine faint yellowish brown (lOYR 5/6.5) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 --112 to 140 cm; light olive brown (2.5Y 5/3) silt loam; massive; slightly hard; 
few very fine roots; few fine carbonate concretions; few fine faint yellowish brown (1 OYR 
5/6.5) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
Soil Series: IDA 
Core Number: 19 
Map Unit Symbol: ID 
Location: Western Iowa Research Farm. 
81 
X = 264907.967, Y = 4660745.826, Z = 420.43 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Back slope 
Slope Characteristics: 22% 
Precipitation: Udic Moisture Regime 
Date: 7 /13/2003 
Ap-- 0 to 3 cm; very dark grayish brown (lOYR 3/2) silt loam; moderate fine granular 
structure; very friable; many very fine and fine roots; very slight effervescence; abrupt 
smooth boundary. 
A -- 3 to 20 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky; 
friable; few medium carbonate concretions; many very fine and fine roots; strongly 
effervescent; clear smooth boundary. 
AC -- 20 to 37 cm; yellowish brown (lOYR 5/4) silt loam; weak fine subangular 
blocky structure; friable; common very fine roots; few fine faint yellowish brown (lOYR 5/6) 
redox concentrations; strongly effervescent; clear smooth boundary. 
Cl -- 37 to 59 cm; light olive brown (2.5Y 5/3) silt loam; massive; slightly hard; few 
very fine and fine roots; few fine to medium carbonate concretions; few fine faint yellowish 
brown (lOYR 5/6) redox concentrations; strongly effervescent; clear smooth boundary. 
C2 -- 59 to 91 cm; light olive brown (2.5Y 5/3) silt loam; massive; slightly hard; 
common very fine and fine roots; few fine faint yellowish brown (1 OYR 5/6) redoximorphic 
concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 91 to 134 cm; light olive brown (2.5Y 5/3) silt loam; massive; slightly hard; few 
fine roots; few fine carbonate concretions; few fine faint yellowish brown (lOYR 5/6) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 -- 134 to 140 cm; light olive brown (2.5Y 5/3) silt loam; massive; moderately 
hard; few fine roots; few fine to medium carbonate concretions; many fine distinct yellowish 
brown (1 OYR 5/6) redoximorphic concentrations; strongly effervescent. 
Soil Series: Napier 
Core Number: 20 
Map Unit Symbol: 12C 
Location: Western Iowa Research Farm. 
82 
X = 264877.976, Y = 4660747.205, Z = 419.66 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Toe slope 
Slope Characteristics: 5% 
Precipitation: Udic Moisture Regime 
Date: 7 /13/2003 
Ap-- 0 to 22 cm; very dark brown (lOYR 2/2) silt loam; medium fine granular 
structure; friable; many very fine and fine roots; slightly acid; clear smooth boundary. 
Al -- 22 to 56 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; common very fine and fine roots; neutral; clear smooth 
boundary. 
A2 -- 56 to 80 cm; dark brown (1 OYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl-- 80 to 104 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine 
subangular blocky structure; friable; few very fine and fine roots; neutral; gradual smooth 
boundary. 
Bw2 -- 104 to 129 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine roots; neutral; gradual smooth 
boundary. 
Bw3 -- 129 to 140 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine roots; neutral; gradual smooth 
boundary. 
Soil Series: Monona, disturbed 
Core Number: 21 
Map Unit Symbol: 1 OdC 
Location: Western Iowa Research Farm. 
83 
X = 264877.998, Y = 4660717.594, Z = 425.35 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Typic Hapludoll 
Geomorphic Position: Toe slope 
Slope Characteristics: 5% 
Precipitation: Udic Moisture Regime 
Date: 7 /13/2003 
Ap-- 0 to 12 cm; very dark brown (lOYR 2/2) silt loam; medium fine granular 
structure; very friable; many very fine and fine roots; neutral; clear smooth boundary. 
Al -- 12 to 31 cm; very dark brown (IOYR 2/2) silt loam; weak fine subangular 
blocky structure parting to weak fine granular structure; very friable; common very fine and 
fine roots; neutral; clear smooth boundary. 
A2 -- 31 to 58 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl-- 58 to 67 cm; dark yellowish brown (IOYR 4/4) silt loam; weak fine subangular 
blocky structure; slightly hard; few very fine and fine roots; slight effervescence; abrupt 
smooth boundary. 
2A -- 67 to 98 cm; dark yellowish brown (IOYR 3/3) silt loam; weak fine subangular 
blocky structure; friable; common very fine roots; neutral; gradual smooth boundary. 
2Bwl -- 98 to 123 cm; dark yellowish brown (IOYR 3/4) silt loam; fine subangular 
blocky structure; friable; few very fine roots; neutral; gradual smooth boundary. 
2Bw2 -- 123 to 140 cm; dark yellowish brown (lOYR 3/4) silt loam; fine subangular 
blocky structure; friable; neutral. 
Soil Series: IDA 
Core Number: 22 
Map Unit Symbol: lD 
Location: Western Iowa Research Fann. 
84 
X = 264908.233, Y = 4660715.872, Z = 417.10 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Backslope 
Slope Characteristics: 9% 
Precipitation: Udic Moisture Regime 
Date: 7/13/2003 
Ap-- 0 to 8 cm; very dark brown (lOYR 2/2) silt loam; moderate fine granular 
structure; very friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
A -- 8 to 23 cm; very dark grayish brown (1 OYR 3/2) silt loam; weak fine subangular 
blocky; friable; few medium carbonate concretions; many very fine and fine roots; slight 
effervescent; clear smooth boundary. 
AC -- 23 to 37 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine roots; few fine carbonate nodules; strongly effervescent; 
clear smooth boundary. 
Cl -- 37 to 61 cm; light olive brown (2.5Y 5/3) silt loam; massive parting to weak 
fine subangular blocky structure; slightly hard; few very fine and fine roots; few fine 
carbonate concretions; few fine faint yellowish brown (lOYR 5/6) redox concentrations; 
strongly effervescent; clear smooth boundary. 
C2 -- 61 to 97 cm; light olive brown (2.5Y 5/3) silt loam; massive; slightly hard; 
common very fine and fine roots; few common distinct yellowish brown (1 OYR 5/6) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C3 -- 97 to 123 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; few 
fine roots; few fine carbonate concretions; few common distinct yellowish brown (1 OYR 5/6) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 -- 123 to 140 cm; light olive brown (2.5Y 5/3) silt loam; massive; moderately 
hard; few fine roots; few fine to medium carbonate concretions; many fine distinct yellowish 
brown (1 OYR 5/6) redoximorphic concentrations; strongly effervescent. 
Soil Series: IDA 
Core Number: 23 
Map Unit Symbol: ID 
Location: Western Iowa Research Farm. 
85 
X = 264923.033, Y = 4660715.372, Z = 417.21 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Backslope 
Slope Characteristics: 12% 
Precipitation: Udic Moisture Regime 
Date: 7 /13/2003 
Ap-- 0 to 3 .5 cm; very dark brown (1 OYR 2/2) silt loam; moderate fine granular 
structure; very friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
A -- 3.5 to 18 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine 
subangular blocky; friable; few medium carbonate concretions; many very fine and fine 
roots; slight effervescent; clear smooth boundary. 
AC -- 18 to 29 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine roots; few fine carbonate nodules; strongly effervescent; 
clear smooth boundary. 
Cl -- 29 to 44 cm; light olive brown (2.5Y 5/4) silt loam; massive; friable; few very 
fine and fine roots; few fine carbonate concretions; strongly effervescent; clear smooth 
boundary. 
C2 -- 44 to 97 cm; light olive brown (2.5Y 5/3) silt loam; massive; slightly hard; 
common very fine and fine roots; few fine carbonate concretions; few fine faint yellowish 
brown (lOYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth 
boundary. 
C3 -- 97 to 125 cm; light yellowish brown (2.5Y 6/4) silt loam; massive; slightly 
hard; few fine roots; few fine carbonate concretions; few fine faint yellowish brown (lOYR 
516) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 -- 125 to 140 cm; light yellowish brown (2.5Y 6/4) silt loam; massive; moderately 
hard; few fine roots; few fine carbonate concretions; few fine faint yellowish brown (1 OYR 
5/6) redoximorphic concentrations; strongly effervescent. 
Soil Series: IDA 
Core Number: 24 
Map Unit Symbol: ID 
Location: Western Iowa Research Farm. 
86 
X = 264938.327, Y = 4660714.634, Z = 416.21 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Backslope 
Slope Characteristics: 12% 
Precipitation: Udic Moisture Regime 
Date: 7114/2003 
Ap-- 0 to 6 cm; very dark brown (1OYR2/2) silt loam; moderate fine granular 
structure; very friable; many very fine and fine roots; very slight effervescence; abrupt 
smooth boundary. 
A -- 6 to 28 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine subangular 
blocky parting to weak fine granular structure; friable; common very fine and fine roots; 
slight effervescent; clear smooth boundary. 
AC -- 28 to 54 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine roots; few fine carbonate nodules; strongly effervescent; 
clear smooth boundary. 
Cl -- 54 to 81 cm; light olive brown (2.5Y 5/3) silt loam; massive; friable; few very 
fine and fine roots; few fine carbonate concretions; fine faint yellowish brown (1 OYR 5/6) 
redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C2 -- 81 to 106 cm; light olive brown (2.5Y 5/3) silt loam; massive; slightly hard; 
common very fine and fine roots; few fine carbonate concretions; few fine faint yellowish 
brown (lOYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth 
boundary. 
C3 -- 106 to 130 cm; light olive brown (2.5Y 5/3) silt loam; massive; slightly hard; 
few fine roots; common fine carbonate concretions; few fine distinct yellowish brown (1 OYR 
5/6) redoximorphic concentrations; strongly effervescent; clear smooth boundary. 
C4 -- 130 to 140 cm; light olive brown (2.5Y 5/3) silt loam; massive; moderately 
hard; few fine roots; few fine carbonate concretions; few fine distinct yellowish brown 
(lOYR 5/6) redoximorphic concentrations; strongly effervescent. 
Soil Series: Napier 
Core Number: 25 
Map Unit Symbol: 12B 
Location: Western Iowa Research Farm. 
87 
X = 264968.578, Y = 4660714.336, Z = 416.32 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Toe slope 
Slope Characteristics: 4% 
Precipitation: Udic Moisture Regime 
Date: 7/14/2003 
Ap-- 0 to 34 cm; black (1OYR2/1) silt loam; weak fine subangular blocky structure 
parting to weak fine granular structure; very friable; many very fine and fine roots; slightly 
acid; clear smooth boundary. 
Al -- 34 to 59 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
A2 -- 59 to 76 cm; very dark grayish brown ( 1 OYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; few very fine and fine roots; neutral; clear smooth 
boundary. 
Bwl-- 76 to 102 cm; brown (1OYR4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; clear smooth boundary. 
Bw2 -- 102 to 131 cm; brown (1 OYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine roots; slight effervescence; gradual smooth boundary. 
BC -- 131to140 cm; yellowish brown (lOYR 5/4) silt loam; weak fine subangular 
blocky structure; friable; few very fine roots; few fine carbonate concretions; strong 
effervescence. 
Soil Series: Napier 
Core Number: 26 
Map Unit Symbol: 12B 
Location: Western Iowa Research Farm. 
88 
X = 264968.586, Y = 4660684.441, Z = 414.19 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 4% 
Precipitation: Udic Moisture Regime 
Date: 7/14/2003 
Ap-- 0 to 23 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular blocky 
structure parting to weak fine granular structure; very friable; many very fine and fine roots; 
neutral; clear smooth boundary. 
Al -- 23 to 44 cm; very dark brown (lOYR 2/2.5) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
A2 -- 44 to 60 cm; dark brown (1 OYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; clear smooth boundary. 
Bwl-- 60 to 104 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; clear smooth boundary. 
Bw2 -- 104 to 132 cm; brown (lOYR 4/3.5) silt loam; weak fine subangular blocky 
structure; friable; few very fine roots; few fine carbonate concretions; slight effervescence; 
gradual smooth boundary. 
BC -- 132 to 140 cm; yellowish brown (1 OYR 5/4) silt loam; weak fine subangular 
blocky structure; friable; few very fine roots; few fine carbonate concretions; strong 
effervescence. 
Soil Series: Napier 
Core Number: 27 
Map Unit Symbol: 12B 
Location: Western Iowa Research Farm. 
89 
X = 264938.065, Y = 4660684.917, Z = 414.29 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 4% 
Precipitation: Udic Moisture Regime 
Date: 7 /14/2003 
Ap-- 0 to 21 cm; black (1 OYR 211) silt loam; weak fine subangular blocky structure; 
very friable; many very fine and fine roots; neutral; clear smooth boundary. 
Al -- 21 to 55 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
A2 -- 55 to 76 cm; dark grayish brown to brown (lOYR 3/2.5) silt loam; weak fine 
subangular blocky structure; friable; common very fine and fine roots; neutral; clear smooth 
boundary. 
AB-- 76 to 106 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl -- 106 to 131 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine roots; few fine carbonate concretions; slight effervescence; 
gradual smooth boundary. 
BC -- 131 to 140 cm; yellowish brown (lOYR 5/4) silt loam; weak fine subangular 
blocky structure; friable; few very fine roots; few fine carbonate concretions; strong 
effervescence. 
Soil Series: Monona 
Core Number: 28 
Map Unit Symbol: 1 OB 
Location: Western Iowa Research Farm. 
90 
X = 264924.872, Y = 4660687.069, Z = 414.60 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Typic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 4% 
Precipitation: Udic Moisture Regime 
Date: 7/14/2003 
Ap-- 0 to 4 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular blocky 
structure; very friable; many very fine and fine roots; neutral; clear smooth boundary. 
A -- 4 to 22 cm; very dark brown (1 OYR 2/2.5) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
AB -- 22 to 48 cm; dark grayish brown (lOYR 3/3) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl-- 48 to 74 cm; dark brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; few fine faint yellowish brown (lOYR 
5/6) redoximorphic concentrations; very slight effervescence; abrupt smooth boundary. 
Bw2 -- 74 to 102 cm; light olive brown (2.5Y 5/3) silt loam; weak fine massive; 
friable; few very fine roots; few fine carbonate concretions; few fine faint yellowish brown 
(lOYR 5/6) redoximorphic concentrations; strong effervescence; clear smooth boundary. 
Cl -- 102 to 126 cm; light olive brown (2.5Y 5/3) silt loam; massive; friable; few 
very fine roots; common fine carbonate concretions; few fine disinct yellowish brown (lOYR 
6/6) redoximorphic concentrations; strong effervescence. 
C2 -- 126 to 140 cm; light olive brown (2.5Y 5/3) silt loam;massive; few very fine 
roots; common fine carbonate concretions; few fine distinct yellowish brown (1 OYR 6/6) 
redoximorphic concentrations; strong effervescence. 
Soil Series: Napier 
Core Number: 29 
Map Unit Symbol: 12C 
Location: Western Iowa Research Farm. 
91 
X = 264908.127, Y = 4660688.180, Z = 415.03 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 9% 
Precipitation: Udic Moisture Regime 
Date: 7/14/2003 
Ap-- 0 to 24 cm; black (1 OYR 2/1) silt loam; weak fine subangular blocky structure; 
very friable; many very fine and fine roots; neutral; clear smooth boundary. 
Al -- 24 to 46 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular 
blocky structure; very friable; many very fine and fine roots; neutral; clear smooth boundary. 
A2 -- 46 to 71 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; common very fine and fine roots; neutral; clear smooth 
boundary. 
AB -- 71 to 95 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl -- 95 to 127 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine roots; neutral; gradual smooth boundary. 
Bw2 -- 127 to 140 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine roots; neutral. 
Soil Series: IDA 
Core Number: 30 
Map Unit Symbol: 1F2 
Location: Western Iowa Research Farm. 
92 
X = 264878.437, Y = 660687.850, Z = 418.80 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Backslope 
Slope Characteristics: 22% 
Precipitation: Udic Moisture Regime 
Date: 7 /14/2003 
Ap-- 0 to 5 cm; very dark brown (1 OYR 2/2) silt loam; moderate fine granular 
structure; very friable; many very fine and fine roots; very slight effervescence; abrupt 
smooth boundary. 
A -- 5 to 20 cm; very dark grayish brown (1 OYR 3/2) silt loam; weak fine subangular 
blocky structure parting to weak fine granular structure; friable; common very fine and fine 
roots; strong effervescence; clear smooth boundary. 
AC -- 20 to 41 cm; brown ( 1 OYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; many very fine roots; strongly effervescent; clear smooth boundary. 
Cl -- 41 to 70 cm; brown (lOYR 5/3) silt loam; massive parting to weak fine 
subangular blocky structure; friable; common very fine and fine roots; few fine carbonate 
concretions; few fine faint yellowish brown (1 OYR 5/6) redoximorphic concentrations; 
strongly effervescent; clear smooth boundary. 
C2 -- 70 to 100 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; 
common very fine and fine roots; few fine carbonate concretions; few fine faint yellowish 
brown (1 OYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth 
boundary. 
C3 -- 100 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; 
few fine roots; few fine carbonate concretions; few fine distinct yellowish brown (1 OYR 5/6) 
redoximorphic concentrations; strongly effervescent. 
Soil Series: IDA 
Core Number: 31 
Map Unit Symbol: 1F2 
Location: Western Iowa Research Farm. 
93 
X = 264877.414, Y = 4660657.343, Z = 418.00 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Backslope 
Slope Characteristics: 22% 
Precipitation: Udic Moisture Regime 
Date: 7/14/2003 
Ap-- 0 to 5 cm; very dark brown (lOYR 2/2) silt loam; moderate fine granular 
structure; very friable; many very fine and fine roots; very slight effervescence; abrupt 
smooth boundary. 
A -- 5 to 20 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine subangular 
blocky structure parting to weak fine granular structure; friable; common very fine and fine 
roots; strong effervescence; clear smooth boundary. 
AC -- 20 to 38 cm; dark yellowish brown (1OYR4/4) silt loam; weak fine subangular 
blocky structure; friable; common very fine roots; few fine carbonate concretions; strongly 
effervescent; clear smooth boundary. 
Cl -- 38 to 66 cm; light olive brown (2.5Y 5/4) silt loam; massive parting to weak 
fine subangular blocky structure; friable; common very fine and fine roots; few fine 
carbonate concretions; few fine faint yellowish brown (1 OYR 5/6) redoximorphic 
concentrations; strongly effervescent; clear smooth boundary. 
C2 -- 66 to 105 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; 
common very fine and fine roots; few fine carbonate concretions; few fine faint yellowish 
brown (1 OYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth 
boundary. 
C3 -- 105 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; 
few fine roots; few fine carbonate concretions; few fine faint yellowish brown (1 OYR 5/6) 
redoximorphic concentrations; strongly effervescent. 
Soil Series: Napier 
Core Number: 32 
Map Unit Symbol: 12C 
Location: Western Iowa Research Farm. 
94 
X = 264907.449, Y = 4660656.615, Z = 413.86 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 9% 
Precipitation: Udic Moisture Regime 
Date: 7 /14/2003 
Ap-- 0 to 25 cm; black (1 OYR 2/1) silt loam; weak fine subangular blocky structure 
parting to weak fine granular structure; very friable; many very fine and fine roots; neutral; 
clear smooth boundary. 
A -- 25 to 52 cm; very dark brown (1OYR2/2) silt loam; weak fine subangular blocky 
structure; very friable; many very fine and fine roots; neutral; clear smooth boundary. 
AB -- 52 to 72 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl -- 72 to 88 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bw2 -- 88 to 115 cm; brown (lOYR 5/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine roots; neutral; gradual smooth boundary. 
BC -- 115 to 132 cm; yellowish brown (lOYR 5/4) silt loam; massive parting to weak 
fine subangular blocky structure; friable; few very fine roots; common fine carbonate 
concretions; strong effervescence; clear smooth boundary. 
C -- 132 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; friable; few very 
fine roots; common fine carbonate concretions; strong effervescence. 
Soil Series: Napier 
Core Number: 33 
Map Unit Symbol: 12B 
Location: Western Iowa Research Farm. 
95 
X = 264924.267, Y = 4660655.057, Z = 413.08 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 5% 
Precipitation: Udic Moisture Regime 
Date: 7/15/2003 
Ap-- 0 to 18 cm; black ( 1 OYR 2/1) silt loam; weak fine subangular blocky structure 
parting to weak fine granular structure; very friable; many very fine and fine roots; neutral; 
clear smooth boundary. 
Al -- 18 to 39 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular 
blocky structure; very friable; many very fine and fine roots; neutral; clear smooth boundary. 
A2 -- 39 to 66 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
AB -- 66 to 86 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl -- 86 to 127 cm; brown (IOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine roots; neutral; gradual smooth boundary. 
Bw2 -- 127 to 140 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine 
subangular blocky structure; slightly hard; neutral. 
Soil Series: Napier 
Core Number: 34 
Map Unit Symbol: 12B 
Location: Western Iowa Research Farm. 
96 
X = 264936.705, Y = 4660654.923, Z = 412.80 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 3% 
Precipitation: Udic Moisture Regime 
Date: 7 /15/2003 
Ap-- 0 to 38 cm; black (lOYR 2/1) silt loam; weak fine subangular blocky structure 
parting to weak fine granular structure; very friable; many very fine and fine roots; neutral; 
clear smooth boundary. 
Al -- 38 to 64 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular 
blocky structure; very friable; common very fine and fine roots; neutral; gradual smooth 
boundary. 
A2 -- 64 to 89 cm; dark grayish brown (1 OYR 3/2) silt loam; weak fine subangular 
blocky structure; very friable; common very fine and fine roots; neutral; gradual smooth 
boundary. 
AB -- 89 to 112 cm; dark brown (1OYR3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; diffuse smooth boundary. 
Bwl -- 112 to 140 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral. 
Soil Series: Napier 
Core Number: 35 
Map Unit Symbol: 12B 
Location: Western Iowa Research Farm. 
97 
X = 264971.529, Y = 4660653.439, Z = 412.35 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 3% 
Precipitation: Udic Moisture Regime 
Date: 7 /15/2003 
Ap-- 0 to 30 cm; black (1OYR2/1) silt loam; weak fine subangular blocky structure 
parting to weak fine granular structure; very friable; many very fine and fine roots; neutral; 
clear smooth boundary. 
Al -- 30 to 64 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular 
blocky structure; very friable; common very fine and fine roots; neutral; gradual smooth 
boundary. 
A2 -- 64 to 81 cm; dark grayish brown (lOYR 3/2) silt loam; weak fine subangular 
blocky structure; very friable; few very fine and fine roots; neutral; diffuse smooth boundary. 
AB -- 81 to 98 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; gradual smooth boundary. 
Bwl -- 98 to 119 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral. 
Bw2 -- 119 to 140 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine and fine roots; neutral. 
Soil Series: Napier 
Core Number: 36 
Map Unit Symbol: 12B 
Location: Western Iowa Research Farm. 
98 
X = 264972.609, Y = 4660623.296, Z = 410.74 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Toe Slope 
Slope Characteristics: 3% 
Precipitation: Udic Moisture Regime 
Date: 7 /15/2003 
Ap-- 0 to 25 cm; black (1 OYR 2/1) silt loam; weak fine subangular blocky structure 
parting to weak fine granular structure; very friable; many very fine and fine roots; neutral; 
clear smooth boundary. 
Al -- 25 to 59 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; gradual smooth 
boundary. 
A2 -- 59 to 85 cm; dark grayish brown (1OYR3/2) silt loam; weak fine subangular 
blocky structure; friable; few very fine and fine roots; neutral; diffuse smooth boundary. 
AB -- 85 to 104 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; gradual smooth boundary. 
Bwl -- 104 to 134 cm; brown (lOYR 4/3) silt loam; weak fine prismatic structure; 
friable; few very fine and fine roots; neutral. 
Bw2 -- 134 to 140 cm; dark yellowish brown (lOYR 4/3) silt loam; weak fine 
prismatic structure; friable; few very fine and fine roots; neutral. 
Soil Series: Monona 
Core Number: 37 
Map Unit Symbol: 1 OB 
Location: Western Iowa Research Farm. 
99 
X = 264936.123, Y = 4660624.999, Z = 411.36 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Typic Hapludoll 
Geomorphic Position: Toe Slope 
Slope Characteristics: 3% 
Precipitation: Udic Moisture Regime 
Date: 7/15/2003 
Ap-- 0 to 20 cm; black (lOYR 2/1) silt loam; weak fine subangular blocky structure 
parting to weak fine granular structure; very friable; many very fine and fine roots; neutral; 
clear smooth boundary. 
A -- 20 to 37 cm; very dark brown (1OYR2/2) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; gradual smooth boundary. 
AB -- 37 to 53 cm; brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; diffuse smooth boundary. 
Bw -- 53 to 77 cm; dark brown (1OYR4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; gradual smooth boundary. 
Bkl -- 77 to 100 cm; yellowish brown (lOYR 5/4) silt loam; weak fine subangular 
blocky structure; slightly hard; few very fine and fine roots; many fine to medium carbonate 
concretions; strongly effervescent; clear smooth boundary. 
Bk2 -- 100 to 122 cm; yellowish brown (lOYR 5/4) silt loam; massive; slightly hard; 
few very fine and fine roots many fine to medium carbonate concretions; strongly 
effervescent; clear smooth boundary. 
C -- 122 to 140 cm; yellowish brown (IOYR 5/4) silt loam; massive; slightly hard; 
few very fine and fine roots; common fine carbonate concretions; strongly effervescent. 
Soil Series: Napier 
Core Number: 38 
Map Unit Symbol: 12B 
Location: Western Iowa Research Farm. 
100 
X = 264923.972, Y = 4660625.824, Z = 411.43 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 4% 
Precipitation: Udic Moisture Regime 
Date: 7 /15/2003 
Ap-- 0 to 23 cm; black (1 OYR 2/1) silt loam; weak fine subangular blocky structure 
parting to weak fine granular structure; very friable; many very fine and fine roots; slightly 
acid; clear smooth boundary. 
Al -- 23 to 44 cm; very dark brown (1OYR2/2) silt loam; weak fine subangular 
blocky structure; friable; many very fine and fine roots; slightly acid; gradual smooth 
boundary. 
A2 -- 44 to 68 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; few very fine and fine roots; slightly acid; gradual 
smooth boundary. 
AB -- 68 to 87 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; gradual smooth boundary. 
Bwl -- 87 to 103 cm; brown (lOYR 3.5/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; gradual smooth boundary. 
Bw2 -- 103 to 130 cm; yellowish brown (lOYR 3/3.5) silt loam; weak fine subangular 
blocky structure; friable; few very fine and fine roots; many fine to medium carbonate 
concretions; neutral; clear smooth boundary. 
Bw3 -- 130 to 140 cm; yellowish brown (1OYR4/3) silt loam; weak fine subangular 
blocky structure; slightly hard; few very fine and fine roots; neutral. 
Soil Series: Napier 
Core Number: 39 
Map Unit Symbol: 12C 
Location: Western Iowa Research Farm. 
101 
X = 264906.147, Y = 4660626.296, Z = 411.66 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Shoulder 
Slope Characteristics: 8% 
Precipitation: Udic Moisture Regime 
Date: 7/16/2003 
Ap-- 0 to 30 cm; black (1OYR2/1) silt loam; weak fine subangular blocky structure 
parting to weak fine granular structure; very friable; many very fine and fine roots; slightly 
acid; clear smooth boundary. 
Al -- 30 to 48 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; slightly acid; gradual smooth 
boundary. 
A2 -- 48 to 70 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; slightly acid; gradual smooth boundary. 
AB -- 70 to 94 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; gradual smooth boundary. 
Bwl -- 94 to 122 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine 
subangular blocky structure; friable; few very fine and fine roots; neutral; clear smooth 
boundary. 
Bw2 -- 122 to 140 cm; dark yellowish brown (lOYR 4/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine and fine roots; neutral. 
Soil Series: Strahan 
Core Number: 40 
Map Unit Symbol: 112E2 
Location: Western Iowa Research Farm. 
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X = 264876.317, Y = 4660627.157, Z = 414.64 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, nonacid, mesic Typic Udorthent 
Geomorphic Position: Backslope 
Slope Characteristics: 17% 
Precipitation: Udic Moisture Regime 
Date: 7/16/2003 
Ap-- 0 to 5 cm; very dark grayish brown (IOYR 3/2) silt loam; moderate fine granular 
structure; very friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
A -- 5 to 20 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure parting to weak fine granular structure; friable; common very fine and fine roots; 
neutral; clear smooth boundary. 
AC -- 20 to 37 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine roots; neutral; clear smooth boundary. 
Cl -- 37 to 68 cm; dark yellowish brown (lOYR 4/4) silt loam; massive; friable; 
common very fine and fine roots; few fine faint yellowish brown (1 OYR 5/6) redoximorphic 
concentrations; neutral; clear smooth boundary. 
C2 -- 68 to 127 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; few 
very fine and fine roots; few fine faint yellowish brown (1 OYR 5/6) redoximorphic 
concentrations; very slight effervescence; clear smooth boundary. 
C3 -- 127 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; 
few fine roots; few fine faint yellowish brown (1 OYR 5/6) redoximorphic concentrations; 
slight effervescence. 
Soil Series: Napier, taxajunct 
Core Number: 41 
Map Unit Symbol: 12B 
Location: Western Iowa Research Farm. 
103 
X = 264956.286, Y = 4660623.751, Z = 410.86 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Curnulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 4% 
Precipitation: Udic Moisture Regime 
Date: 7 /16/2003 
Ap-- 0 to 15 cm; black (1 OYR 2/1) silt loam; weak fine subangular blocky structure 
parting to weak fine granular structure; very friable; many very fine and fine roots; neutral; 
clear smooth boundary. 
A 1 -- 15 to 3 8 cm; very dark brown (1 OYR 2/2) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; gradual smooth 
boundary. 
A2 -- 38 to 70 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; few very fine and fine roots; neutral; gradual smooth 
boundary. 
A3 -- 70 to 91 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; clear smooth boundary. 
AB -- 91 to 117 cm; dark yellowish brown (I OYR 3/3) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine and fine roots; neutral; clear smooth 
boundary. 
Bwl -- 117 to 140 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; slightly hard; few very fine and fine roots; neutral. 
Soil Series: Napier 
Core Number: 42 
Map Unit Symbol: 12C 
Location: Western Iowa Research Farm. 
104 
X = 264955.719, Y = 4660653.477, Z = 412.04 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 6% 
Precipitation: Udic Moisture Regime 
Date: 7 /16/2003 
Ap-- 0 to 21 cm; very dark brown (lOYR 2/2) silt loam; weak fine granular structure; 
very friable; many very fine and fine roots; neutral; clear smooth boundary. 
Al -- 21to44 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; gradual smooth 
boundary. 
A2 -- 44 to 72 cm; very dark grayish brown (1 OYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; few very fine and fine roots; neutral; gradual smooth 
boundary. 
Bwl -- 72 to 106 cm; brown (1OYR4/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; clear smooth boundary. 
Bw2 -- 106 to 140 cm; brown (lOYR 4/3) silt loam; massive parting to weak fine 
subangular blocky structure; slightly hard; few very fine and fine roots; neutral. 
Soil Series: Napier 
Core Number: 43 
Map Unit Symbol: 12C 
Location: Western Iowa Research Farm. 
105 
X = 264955.316, Y = 4660685.461, Z = 413.72 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 6% 
Precipitation: Udic Moisture Regime 
Date: 7117/2003 
Ap-- 0 to 24 cm; black (IOYR 211) silt loam; weak fine granular structure; very 
friable; many very fine and fine roots; neutral; clear smooth boundary. 
Al -- 24 to 44 cm; very dark brown (IOYR 2/2) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; gradual smooth 
boundary. 
A2 -- 44 to 68 cm; very dark grayish brown (IOYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; few very fine and fine roots; neutral; gradual smooth 
boundary. 
AB -- 68 to 90 cm; brown (IOYR 3/2) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; clear smooth boundary. 
Bwl -- 90 to 110 cm; brown (lOYR 4/3) silt loam; massive parting to weak fine 
subangular blocky structure; slightly hard; few very fine and fine roots; neutral. 
Bw2 -- 110 to 140 cm; dark yellowish brown (1OYR4/4) silt loam; massive parting to 
weak fine subangular blocky structure; slightly hard; few very fine and fine roots; neutral. 
Soil Series: Napier 
Core Number: 44 
Map Unit Symbol: 12C 
Location: Western Iowa Research Farm. 
106 
X = 264954.283, Y = 4660713.755, Z = 415.34 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 8% 
Precipitation: Udic Moisture Regime 
Date: 7 /17 /2003 
Ap-- 0 to 23 cm; black (lOYR 211) silt loam; weak fine granular structure; very 
friable; many very fine and fine roots; neutral; clear smooth boundary. 
Al -- 23 to 47 cm; very dark brown (1OYR2/2) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; gradual smooth 
boundary. 
A2 -- 47 to 69 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; few very fine and fine roots; neutral; gradual smooth 
boundary. 
AB -- 69 to 88 cm; brown (lOYR 3/2) silt loam; weak fine prismatic structure; 
friable; few very fine and fine roots; neutral; clear smooth boundary. 
Bwl -- 88 to 140 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; slightly hard; few very fine and fine roots; neutral. 
Soil Series: Napier 
Core Number: 45 
Map Unit Symbol: 12C 
Location: Western Iowa Research Farm. 
107 
X = 264953.084, Y = 4660743.531, Z = 417.04 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 8% 
Precipitation: Udic Moisture Regime 
Date: 7 /17 /2003 
Ap-- 0 to 26 cm; black (1OYR211) silt loam; weak fine granular structure; very 
friable; many very fine and fine roots; neutral; clear smooth boundary. 
Al -- 26 to 57 cm; very dark brown (lOYR 2/2) silt loam; weak fine subangular 
blocky structure; friable; common very fine and fine roots; neutral; gradual smooth 
boundary. 
A2 -- 57 to 80 cm; very dark grayish brown (1 OYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; few very fine and fine roots; neutral; gradual smooth 
boundary. 
AB -- 80 to 102 cm; brown (lOYR 3/2) silt loam; weak fine prismatic structure; 
friable; few very fine and fine roots; neutral; clear smooth boundary. 
Bwl -- 102 to 140 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; slightly hard; few very fine and fine roots; neutral. 
Soil Series: Napier 
Core Number: 46 
Map Unit Symbol: 12C 
Location: Western Iowa Research Farm. 
108 
X = 264952.644, Y = 4660773.673, Z = 419.19 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 8% 
Precipitation: Udic Moisture Regime 
Date: 7 /18/2003 
Ap-- 0 to 25 cm; very dark brown (lOYR 2/2) silt loam; weak fine granular structure; 
very friable; many very fine and fine roots; neutral; clear smooth boundary. 
A -- 25 to 4 7 cm; very dark grayish brown (1 OYR 3/2) silt loam; weak fine 
subangular blocky structure parting to weak fine granular structure; friable; few very fine and 
fine roots; neutral; gradual smooth boundary. 
AB -- 47 to 66 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; gradual smooth boundary. 
Bwl -- 66 to 112 cm; brown (1OYR4/3) silt loam; weak fine prismatic structure; 
slightly hard; few very fine and fine roots; neutral; clear smooth boundary. 
Bw2 -- 112 to 140 cm; dark yellowish brown (IOYR 4/4) silt loam; weak fine 
subangular blocky structure; slightly hard; few very fine and fine roots; neutral. 
Soil Series: Monona 
Core Number: 4 7 
Map Unit Symbol: 1 OD 
Location: Western Iowa Research Farm. 
109 
X = 264952.194, Y = 4660802.508, Z = 421.95 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Typic Hapludoll 
Geomorphic Position: Back Slope 
Slope Characteristics: 12% 
Precipitation: Udic Moisture Regime 
Date: 7 /18/2003 
Ap-- 0 to 10 cm; very dark brown (lOYR 2/2) silt loam; weak fine granular structure; 
very friable; many very fine and fine roots; neutral; clear smooth boundary. 
A -- 10 to 33 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine 
subangular blocky structure parting to weak fine granular structure; friable; few very fine and 
fine roots; neutral; gradual smooth boundary. 
AB -- 33 to 48 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; gradual smooth boundary. 
Bwl -- 48 to 71 cm; brown (1OYR4/3) silt loam; weak fine prismatic structure; 
slightly hard; few very fine and fine roots; very slight effervescence; clear smooth boundary. 
Bw2 -- 71 to 86 cm; brown (1OYR4/3) silt loam; weak fine subangular blocky 
structure; slightly hard; few very fine and fine roots; few fine carbonate concretions; sight 
effervescence; clear smooth boundary. 
BC -- 86 to 100 cm; yellowish brown (lOYR 4/4) silt loam; massive parting to weak 
fine prismatic structure; slightly hard; few very fine and fine roots; fine faint yellowish 
brown (1 OYR 516.5) redoximorphic concentrations; few fine carbonate concentrations; strong 
effervescence; clear smooth boundary. 
Cl -- 100 to 140 cm; dark yellowish brown (lOYR 5/4) silt loam; massive; slightly 
hard; fine faint yellowish brown (1 OYR 516.5) redoximorphic concentrations; few very fine 
and fine roots; few fine carbonate concretions; strong effervescence. 
Soil Series: Monona 
Core Number: 48 
Map Unit Symbol: 1 OE 
Location: Western Iowa Research Farm. 
110 
X = 264951.888, Y = 4660834.429, Z = 429.38 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Typic Hapludoll 
Geomorphic Position: Back Slope 
Slope Characteristics: 22% 
Precipitation: Udic Moisture Regime 
Date: 7/18/2003 
Ap-- 0 to 6 cm; very dark grayish brown (1 OYR 3/2) silt loam; moderate fine granular 
structure; very friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
A -- 6 to 34 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine subangular 
blocky structure parting to weak fine granular structure; friable; common very fine and fine 
roots; neutral; clear smooth boundary. 
Bwl -- 34 to 59 cm; dark yellowish brown (1OYR5/3) silt loam; weak fine 
subangular blocky structure; friable; common very fine roots; neutral; clear smooth 
boundary. 
BC -- 59 to 78 cm; light olive brown (2.5Y 5/4) silt loam; massive parting to weak 
fine prismatic structure; friable; common very fine and fine roots; few fine faint yellowish 
brown (1 OYR 5/6) redoximorphic concentrations; few fine carbonate concretions; strongly 
effervescent; clear smooth boundary. 
Cl -- 78 to 99 cm; light olive brown (2.5Y 5/4) silt loam; massive; friable; common 
very fine and fine roots; few fine faint yellowish brown (1 OYR 5/6) redoximorphic 
concentrations; few fine carbonate concretions; strongly effervescent; clear smooth 
boundary. 
C2 -- 99 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; 
common very fine and fine roots; few fine faint yellowish brown (1OYR5/6) redoximorphic 
concentrations; few fine carbonate concretions; strongly effervescent. 
Soil Series: IDA 
Core Number: 49 
Map Unit Symbol: 1E3 
Location: Western Iowa Research Farm. 
111 
X = 264890.799, Y = 4660837.233, Z = 430.80 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Back Slope 
Slope Characteristics: 18% 
Precipitation: Udic Moisture Regime 
Date: 7 /18/2003 
Ap-- 0 to 4 cm; very dark grayish brown (1 OYR 3/2) silt loam; moderate fine granular 
structure; very friable; many very fine and fine roots; very slight effervescence; abrupt 
smooth boundary. 
A -- 4 to 21 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine subangular 
blocky parting to weak fine granular structure; very friable; many very fine and fine roots; 
strongly effervescent; clear smooth boundary. 
AC -- 21 to 32 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; many very fine and fine roots; strongly effervescent; clear smooth 
boundary. 
Cl -- 32 to 68 cm; pale brown (lOYR 6/3) silt loam; massive; friable; few very fine 
and fine roots; few fine carbonate concretions; strongly effervescent; clear smooth boundary. 
C2 -- 68 to 95 cm; light yellowish brown (lOYR 6/4) silt loam; massive; slightly 
hard; common medium to fine carbonate concretions; few very fine and fine roots; few fine 
faint yellowish brown (1 OYR 5/6) redoximorphic concentrations; strongly effervescent; clear 
smooth boundary. 
C3 -- 95 to 140 cm; light yellowish brown (1 OYR 6/4) silt loam; massive; slightly 
hard; few fine roots; common medium to fine carbonate concretions; few fine faint yellowish 
brown (1 OYR 5/6) redoximorphic concentrations; strongly effervescent. 
Soil Series: IDA, Taxadjunct 
Core Number: 50 
Map Unit Symbol: 1F3 
Location: Western Iowa Research Farm. 
112 
X = 264891.716, Y = 4660809.802, Z = 426.38 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Eutrudept 
Geomorphic Position: Back Slope 
Slope Characteristics: 22% 
Precipitation: Udic Moisture Regime 
Date: 7 /18/2003 
Ap-- 0 to 4 cm; very dark grayish brown (1 OYR 3/2) silt loam; moderate fine granular 
structure; very friable; many very fine and fine roots; very slight effervescence; abrupt 
smooth boundary. 
A-- 4 to 16 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
parting to weak fine granular structure; friable; many very fine and fine roots; strongly 
effervescent; clear smooth boundary. 
Bk -- 16 to 29 cm; brown (1 OYR 5/3) silt loam; weak fine subangular blocky 
structure; friable; many fine to medium carbonate concretions; many very fine and fine roots; 
strongly effervescent; clear smooth boundary. 
Cl -- 29 to 54 cm; yellowish brown (lOYR 5/4) silt loam; massive; friable; few very 
fine and fine roots; few fine faint yellowish brown (1 OYR 5/6) redoximorphic concentrations; 
common medium carbonate concretions; strongly effervescent; clear smooth boundary. 
C2 -- 54 to 99 cm; light yellowish brown (lOYR 6/4) silt loam; massive; slightly 
hard; common medium carbonate concretions; few very fine and fine roots; few fine faint 
yellowish brown (lOYR 5/6) redoximorphic concentrations; strongly effervescent; clear 
smooth boundary. 
C3 -- 99 to 140 cm; light yellowish brown (lOYR 6/4) silt loam; massive; slightly 
hard; few fine roots; common fine carbonate concretions; few fine faint yellowish brown 
(1 OYR 516) redoximorphic concentrations; strongly effervescent. 
Soil Series: IDA 
Core Number: 51 
Map Unit Symbol: 1 C 
Location: Western Iowa Research Farm. 
113 
X = 264891.967, Y = 4660776.502, Z = 422.15 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, calcareous, mesic Typic Udorthent 
Geomorphic Position: Back Slope 
Slope Characteristics: 9% 
Precipitation: Udic Moisture Regime 
Date: 7118/2003 
Ap-- 0 to 4 cm; very dark brown (1 OYR 2/2) silt loam; moderate fine granular 
structure; very friable; many very fine and fine roots; very slight effervescence; abrupt 
smooth boundary. 
A-- 4 to 21 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine subangular 
blocky parting to weak fine granular structure; friable; common very fine and fine roots; 
strongly effervescent; clear smooth boundary. 
AC -- 21to32 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; friable; few fine carbonate concretions; many very fine and fine roots; strongly 
effervescent; clear smooth boundary. 
Cl -- 32 to 54 cm; brown (lOYR 5/3) silt loam; massive; slightly hard; few very fine 
and fine roots; few fine faint yellowish brown (lOYR 5/6) redoximorphic concentrations; 
common medium carbonate concretions; strongly effervescent; clear smooth boundary. 
C2 -- 54 to 82 cm; light yellowish brown (1OYR6/4.5) silt loam; massive; slightly 
hard; common medium carbonate concretions; few very fine roots; few fine faint yellowish 
brown (lOYR 5/6) redoximorphic concentrations; strongly effervescent; clear smooth 
boundary. 
C3 -- 82 to 140 cm; light yellowish brown (lOYR 6/4) silt loam; massive; slightly 
hard; few fine roots; common medium carbonate concretions; few fine faint yellowish brown 
(1 OYR 5/6) redoximorphic concentrations; strongly effervescent. 
Soil Series: Monona 
Core Number: 52 
Map Unit Symbol: 1 OD 
Location: Western Iowa Research Farm. 
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X = 264892.292, Y = 4660746.250, Z = 419.49 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Typic Hapludoll 
Geomorphic Position: Back Slope 
Slope Characteristics: 9% 
Precipitation: Udic Moisture Regime 
Date: 7/19/2003 
Ap-- 0 to 25 cm; very dark grayish brown (1 OYR 3/2) silt loam; moderate fine 
granular structure; friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
A -- 25 to 53 cm; dark brown (IOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bw -- 53 to 76 cm; dark yellowish brown (IOYR 3/3.5) silt loam; weak fine 
subangular blocky structure; slightly hard; common very fine roots; neutral; clear smooth 
boundary. 
Bk -- 76 to 100 cm; light olive brown (2.5Y 5/4) silt loam; massive parting to weak 
fine prismatic structure; friable; few very fine and fine roots; few fine faint yellowish brown 
(IOYR 5/6) redoximorphic concentrations; many medium to coarse carbonate concretions; 
strongly effervescent; clear smooth boundary. 
Cl -- 100 to 135 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; 
few very fine and fine roots; common fine distinct yellow (IOYR 7/6) redoximorphic 
concentrations; common medium carbonate concretions; strongly effervescent; clear smooth 
boundary. 
C2 -- 135 to 140 cm; light olive brown (2.5Y 5/4) silt loam; massive; slightly hard; 
common very fine and fine roots; common fine distinct yellow 
(1 OYR 7 /6) redoximorphic concentrations; common fine carbonate concretions; strongly 
effervescent. 
Soil Series: Napier 
Core Number: 53 
Map Unit Symbol: 12C 
Location: Western Iowa Research Farm. 
115 
X = 264893.363, Y = 4660715.964, Z = 417.13 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Typic Hapludoll 
Geomorphic Position: Foot Slope 
Slope Characteristics: 9% 
Precipitation: Udic Moisture Regime 
Date: 7 /19/2003 
Ap-- 0 to 21 cm; very dark brown (lOYR 2/2) silt loam; moderate fine granular 
structure; friable; many very fine and fine roots; neutral; abrupt smooth boundary. 
Al -- 21 to 50 cm; very dark grayish brown (lOYR 3/2) silt loam; weak fine 
subangular blocky structure; friable; common very fine and fine roots; neutral; clear smooth 
boundary. 
A2 -- 50 to 80 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; common very fine roots; neutral; clear smooth boundary. 
Bwl -- 80 to 120 cm; dark yellowish brown (lOYR 3/4) silt loam; weak fine 
prismatic structure; friable; few very fine and fine roots; few fine faint yellowish brown 
(1 OYR 5/6) redoximorphic concentrations; neutral; clear smooth boundary. 
Bw2 -- 100 to 135 cm; dark yellowish brown (lOYR 4/4) silt loam; massive; slightly 
hard; few very fine and fine roots; common fine distinct yellow (1 OYR 7 /6) redoximorphic 
concentrations; neutral. 
Soil Series: Monona 
Core Number: 54 
Map Unit Symbol: lOD 
Location: Western Iowa Research Farm. 
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X = 264893.931, Y = 4660687.170, Z = 416.12 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Typic Hapludoll 
Geomorphic Position: Back Slope 
Slope Characteristics: 18% 
Precipitation: Udic Moisture Regime 
Date: 7/19/2003 
Ap-- 0 to 29 cm; very dark brown (1 OYR 2/2) silt loam; weak fine granular parting to 
weak fine subangular blocky structure; friable; many very fine and fine roots; neutral; clear 
smooth boundary. 
A -- 29 to 50 cm; dark brown (lOYR 3/3) silt loam; weak fine subangular blocky 
structure; friable; few very fine and fine roots; neutral; gradual smooth boundary. 
Bw -- 50 to 84 cm; brown (lOYR 4/3) silt loam; weak fine subangular blocky 
structure; slightly hard; few very fine and fine roots; neutral; gradual smooth boundary. 
BC -- 84 to 105 cm; olive brown (2.5Y 4/3) silt loam; weak fine prismatic structure; 
slightly hard; few very fine and fine roots; common medium to fine carbonate concretions; 
strong effervescence; clear smooth boundary. 
Cl -- 105 to 130 cm; light olive brown (2.5Y 5/4) silt loam; weak fine subangular 
blocky structure; slightly hard; few very fine and fine roots; few fine faint yellowish brown 
(lOYR 5/6) redoximorphic concentrations; strong effervescence; clear smooth boundary. 
C2 -- 130 to 140 cm; light olive brown (2.5Y 5/3) silt loam; weak fine subangular 
blocky structure; slightly hard; few very fine and fine roots; few fine faint yellowish brown 
(1 OYR 516) redoximorphic concentrations; strong effervescence. 
Soil Series: Monona 
Core Number: 55 
Map Unit Symbol: 1 OD 
Location: Western Iowa Research Farm. 
117 
X = 264894.138, Y = 4660656.194, Z = 415.00 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Typic Hapludoll 
Geomorphic Position: Back Slope 
Slope Characteristics: 18% 
Precipitation: Udic Moisture Regime 
Date: 7 /20/2003 
Ap-- 0 to 20 cm; very dark grayish brown (1 OYR 3/2) silt loam; weak fine granular 
structure; friable; many very fine and fine roots; neutral; clear smooth boundary. 
A -- 20 to 33 cm; dark brown (1 OYR 3/2.5) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; gradual smooth boundary. 
Bw -- 33 to 55 cm; dark yellowish brown (lOYR 3/3.5) silt loam; weak fine 
subangular blocky structure; friable; few very fine and fine roots; neutral; gradual smooth 
boundary. 
BC -- 55 to 77 cm; dark yellowish brown (lOYR 4/3.5) silt loam; weak fine prismatic 
structure; slightly hard; few very fine and fine roots; few fine faint yellowish brown (1 OYR 
516) redoximorphic concentrations; very slight effervescence; clear smooth boundary. 
Cl -- 77 to 98 cm; light olive brown (2.5Y 5/3) silt loam; massive parting to weak 
fine subangular blocky structure; hard; few very fine and fine roots; few fine faint yellowish 
brown (1 OYR 5/6) redoximorphic concentrations; strong effervescence; clear smooth 
boundary. 
C2 -- 98 to 140 cm; light olive brown (2.5Y 5/3) silt loam; weak fine subangular 
blocky structure; slightly hard; few fine faint yellowish brown (1 OYR 5/6) redoximorphic 
concentrations; strong effervescence. 
Soil Series: Monona 
Core Number: 56 
Map Unit Symbol: 1 OD 
Location: Western Iowa Research Farm. 
118 
X = 264894.309, Y = 4660627.057, Z = 412.36 (UTM Zone 15, meters, NAD83) 
Classification: Fine-silty, mixed, superactive, mesic Typic Hapludoll 
Geomorphic Position: Back Slope 
Slope Characteristics: 18% 
Precipitation: Udic Moisture Regime 
Date: 7 /20/2003 
Ap-- 0 to 23 cm; very dark brown (IOYR 2/2) silt loam; weak fine subangular blocky 
structure; friable; many very fine and fine roots; neutral; clear smooth boundary. 
A -- 23 to 40 cm; dark brown (1 OYR 3/2) silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots; neutral; clear smooth boundary. 
Bwl -- 40 to 58 cm; brown (IOYR 4/3) silt loam; weak fine prismatic structure; 
friable; common very fine and fine roots; neutral; gradual smooth boundary. 
BC -- 58 to 78 cm; dark yellowish brown (IOYR 4/4) silt loam; weak fine subangular 
structure; slightly hard; few very fine and fine roots; few fine faint yellowish brown (1 OYR 
5/6) redoximorphic concentrations; neutral; clear smooth boundary. 
Cl -- 78 to 110 cm; light olive brown (2.5Y 5/3) silt loam; massive; slightly hard; few 
very fine and fine roots; few fine faint yellowish brown (1 OYR 5/6) redoximorphic 
concentrations; neutral; clear smooth boundary. 
C2 -- 110 to 140 cm; light olive brown (2.5Y 5/3) silt loam; massive; slightly hard; 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Dry Color Data Moist Color Data 
Lab Number Hue Value Chroma Hue Value Chroma 
BS-0001 3.0 YR 4.9 1.5 2.3 YR 3.4 1.6 
BS-0002 4.9 YR 5.1 1.7 4.2 YR 3.6 1.8 
BS-0003 5.2 YR 5.3 1.8 4.3 YR 3.7 1.9 
BS-0004 6.6 YR 5.5 2.0 4.9 YR 3.9 1.9 
BS-0005 7.5 YR 5.9 2.1 4.6 YR 4.3 1.7 
BS-0006 7.3 YR 5.9 2.1 4.2 YR 4.2 1.7 
BS-0007 7.2 YR 5.8 2.1 4.4 YR 4.1 1.7 
BS-0008 7.6 YR 5.8 2.2 5.4 YR 4.1 1.9 
BS-0009 2.3 YR 4.8 1.5 7.7 YR 3.6 1.5 
BS-0010 3.7 YR 5.0 1.7 7.9 R 4.0 1.5 
BS-0011 5.1 YR 5.2 2.0 4.0 YR 3.6 2.0 
BS-0012 5.6 YR 5.4 2.0 5.1 YR 3.7 2.1 
BS-0013 6.1 YR 5.5 2.1 4.4 YR 4.0 2.0 
BS-0014 7.1 YR 5.7 2.1 5.8 YR 4.0 2.0 
BS-0015 7.6 YR 5.9 2.2 5.0 YR 4.1 1.9 
BS-0016 8.0 YR 6.0 2.3 3.3 YR 4.6 1.6 
BS-0017 2.3 YR 4.8 1.6 4.0 YR 3.9 1.5 
BS-0018 3.9 YR 5.0 1.8 7.6 YR 3.9 1.5 
BS-0019 4.5 YR 5.1 1.9 9.2 R 4.0 1.6 
BS-0020 5.7 YR 5.4 2.1 1.8 YR 4.2 1.6 
BS-0021 6.9 YR 5.7 2.4 3.4 YR 4.3 1.8 
BS-0022 8.1 YR 6.0 2.2 3.7 YR 4.4 1.7 
BS-0023 7.8 YR 5.9 2.2 4.4 YR 4.3 1.7 
BS-0024 4.0 YR 5.0 1.6 1.9 YR 3.6 1.5 
BS-0025 5.7 YR 5.3 1.9 0.5 YR 4.1 1.5 
BS-0026 7.3 YR 5.7 2.1 4.7 YR 4.1 1.9 
BS-0027 7.5 YR 5.9 2.2 4.0 YR 4.2 1.7 
BS-0028 7.6 YR 5.9 2.2 2.3 YR 4.6 1.6 
BS-0029 7.5 YR 5.9 2.1 2.3 YR 4.6 1.6 
BS-0030 7.9 YR 6.0 2.2 3.0 YR 4.6 1.6 
BS-0031 2.4 YR 4.8 1.4 4.2 YR 4.1 1.4 
BS-0032 2.2 YR 4.7 1.5 8.5 R 3.4 1.4 
BS-0033 3.5 YR 4.9 1.6 7.7 R 3.8 1.4 
BS-0034 3.1 YR 4.9 1.6 9.7 R 3.5 1.5 
BS-0035 4.4 YR 5.0 1.7 3.6 YR 3.4 1.7 
BS-0036 4.5 YR 5.1 1.7 3.2 YR 3.6 1.7 
BS-0037 7.6 YR 5.6 2.0 6.2 YR 4.1 1.8 
BS-0038 0.9 YR 4.7 1.4 3.1 R 3.5 1.3 
BS-0039 1.2 YR 4.7 1.4 5.9 R 3.4 1.3 
BS-0040 1.1 YR 4.7 1.4 9.0 R 3.4 1.4 
BS-0041 3.2 YR 4.8 1.6 8.7 R 3.5 1.4 
BS-0042 3.2 YR 4.9 1.6 8.3 R 3.8 1.5 
BS-0043 4.6 YR 5.1 1.8 10.0 R 4.0 1.5 
BS-0044 3.6 YR 4.9 1.5 7.8 R 3.7 1.4 
BS-0045 5.6 YR 5.3 1.8 1.2 YR 3.9 1.5 
BS-0046 7.5 YR 5.7 2.0 4.0 YR 4.2 1.6 
BS-0047 7.8 YR 5.9 2.1 1.8 YR 4.5 1.5 
BS-0048 7.8 YR 5.9 2.1 3.0 YR 4.4 1.5 
BS-0049 7.7 YR 5.8 2.1 3.4 YR 4.4 1.5 
BS-0050 7.6 YR 5.8 2.2 2.0 YR 4.4 1.5 
BS-0051 4.0 YR 4.9 1.6 9.8 R 3.7 1.4 
BS-0052 5.7 YR 5.3 1.9 1.5 YR 4.0 1.5 
131 
BS-0053 6.3 YR 5.3 2.0 1.3 YR 4.3 1.6 
BS-0054 7.6 YR 5.8 2.1 2.6 YR 4.6 1.5 
BS-0055 8.0 YR 5.9 2.1 2.5 YR 4.5 1.5 
BS-0056 8.1 YR 6.0 2.0 3.3 YR 4.6 1.5 
BS-0057 8.0 YR 6.0 2.2 2.7 YR 4.6 1.5 
BS-0058 8.0 YR 5.9 2.1 3.0 YR 4.6 1.6 
BS-0059 5.9 YR 5.3 1.8 1.0 YR 4.2 1.5 
BS-0060 6.1 YR 5.4 1.8 1.6 YR 4.3 1.5 
BS-0061 7.7 YR 5.9 2.1 5.0 YR 4.4 1.7 
BS-0062 7.5 YR 5.8 2.0 3.1 YR 4.6 1.6 
BS-0063 7.4 YR 5.6 1.9 2.3 YR 4.6 1.6 
BS-0064 8.0 YR 6.0 2.2 3.4 YR 4.6 1.6 
BS-0065 7.3 YR 5.7 2.1 3.7 YR 4.4 1.7 
BS-0066 8.0 YR 6.0 2.2 4.6 YR 4.5 1.7 
BS-0067 3.0 YR 4.8 1.4 6.5 R 3.6 1.3 
BS-0068 4.7 YR 5.1 1.6 7.6 R 3.9 1.3 
BS-0069 3.0 YR 4.8 1.5 0.3 YR 3.5 1.4 
BS-0070 0.4 YR 4.6 1.3 3.6 R 3.5 1.3 
BS-0071 4.7 YR 5.1 1.6 7.1 R 4.1 1.4 
BS-0072 3.2 YR 4.9 1.5 6.6 R 3.8 1.3 
BS-0073 4.2 YR 5.0 1.7 9.3 R 4.1 1.5 
BS-0074 5.4 YR 5.2 1.9 0.9 YR 4.2 1.6 
BS-0075 5.8 YR 5.4 2.1 0.9 YR 4.2 1.7 
BS-0076 6.4 YR 5.5 2.1 4.4 YR 4.0 1.9 
BS-0077 1.9 YR 4.8 1.4 1.6 R 3.7 1.4 
BS-0078 2.2 YR 4.8 1.5 3.0 R 3.9 1.4 
BS-0079 2.9 YR 4.8 1.6 5.2 R 3.9 1.4 
BS-0080 3.7 YR 5.0 1.8 7.2 R 4.0 1.5 
BS-0081 3.2 YR 4.9 1.7 8.6 R 3.9 1.6 
BS-0082 3.7 YR 5.0 1.8 0.7 YR 3.7 1.6 
BS-0083 5.1 YR 4.9 1.6 0.9 YR 3.9 1.4 
BS-0084 5.5 YR 5.3 1.8 0.6 YR 4.1 1.6 
BS-0085 7.4 YR 5.7 2.0 2.4 YR 4.6 1.5 
BS-0086 7.6 YR 5.9 2.1 2.0 YR 4.6 1.5 
BS-0087 7.6 YR 5.8 2.1 2.6 YR 4.6 1.6 
BS-0088 8.3 YR 6.0 2.3 3.6 YR 4.7 1.6 
BS-0089 8.3 YR 5.9 2.2 3.5 YR 4.7 1.6 
BS-0090 8.0 YR 5.9 2.3 3.5 YR 4.7 1.6 
BS-0091 3.7 YR 4.9 1.6 10.0 R 3.9 1.5 
BS-0092 6.1 YR 5.3 2.0 1.1 YR 4.2 1.6 
BS-0093 7.2 YR 5.7 2.2 2.6 YR 4.5 1.6 
BS-0094 4.6 YR 5.8 2.1 2.6 YR 4.5 1.6 
BS-0095 8.1 YR 6.0 2.1 2.8 YR 4.7 1.5 
BS-0096 8.1 YR 6.0 2.2 2.8 YR 4.6 1.6 
BS-0097 8.2 YR 6.0 2.2 3.3 YR 4.7 1.6 
BS-0098 5.3 YR 5.1 1.7 1.6 YR 4.1 1.5 
BS-0099 6.4 YR 5.4 1.9 2.5 YR 4.2 1.5 
BS-0100 8.0 YR 5.8 2.1 3.9 YR 4.6 1.6 
BS-0101 8.2 YR 5.8 2.2 4.9 YR 4.6 1.7 
BS-0102 8.7 YR 6.0 2.4 5.3 YR 4.7 1.8 
BS-0103 7.6 YR 6.2 2.5 3.1 YR 4.8 1.8 
BS-0104 9.6 YR 6.2 2.5 6.7 YR 4.8 1.9 
BS-0105 9.4 YR 6.2 2.5 5.3 YR 4.8 1.6 
BS-0106 3.5 YR 4.9 1.6 5.9 R 4.1 1.4 
132 
BS-0107 2.7 YR 4.8 1.6 5.1 R 4.0 1.4 
BS-0108 2.7 YR 4.8 1.6 5.8 R 4.1 1.5 
BS-0109 3.7 YR 5.0 1.7 6.9 R 4.1 1.4 
BS-0110 4.1 YR 5.0 1.8 7.5 R 4.2 1.5 
BS-0111 4.2 YR 5.0 1.8 8.4 R 4.2 1.5 
BS-0112 3.1 YR 4.9 1.6 4.8 R 4.0 1.4 
BS-0113 2.0 YR 4.7 1.4 4.5 R 4.0 1.4 
BS-0114 3.1 YR 4.8 1.5 7.6 R 4.2 1.4 
BS-0115 4.5 YR 5.0 1.7 0.5 YR 4.2 1.5 
BS-0116 5.0 YR 5.1 1.8 0.3 YR 4.4 1.5 
BS-0117 7.5 YR 5.7 2.2 3.5 YR 4.6 1.7 
BS-0118 8.1 YR 5.9 2.1 4.8 YR 4.6 1.7 
BS-0119 4.6 YR 5.0 1.5 9.8 YR 4.1 1.4 
BS-0120 6.4 YR 5.3 1.7 1.0 YR 4.3 1.5 
BS-0121 8.5 YR 6.0 1.9 4.9 YR 4.7 1.6 
BS-0122 9.1 YR 6.1 1.9 6.9 YR 4.6 1.7 
BS-0123 9.4 YR 3.1 2.0 6.5 YR 4.8 1.6 
BS-0124 9.6 YR 6.2 2.0 6.8 YR 4.8 1.6 
BS-0125 9.5 YR 6.2 2.2 6.0 YR 4.8 1.7 
BS-0126 9.3 YR 6.3 1.7 5.1 YR 4.9 1.4 
BS-0127 4.0 YR 5.0 1.5 8.5 R 4.1 1.5 
BS-0128 6.0 YR 5.2 1.7 10.0 R 4.2 1.5 
BS-0129 7.8 YR 5.7 2.2 3.3 YR 4.6 1.6 
BS-0130 8.5 YR 5.9 2.3 4.3 YR 4.7 1.7 
BS-0131 8.9 YR 6.0 2.3 5.5 YR 4.7 1.7 
BS-0132 9.4 YR 6.2 2.4 5.9 YR 4.8 1.8 
BS-0133 9.2 YR 6.0 2.3 6.1 YR 4.8 1.8 
BS-0134 9.3 YR 6.1 2.3 6.1 YR 4.8 1.8 
BS-0135 4.8 YR 5.0 1.6 0.6 YR 4.1 1.5 
BS-0136 6.2 YR 5.2 1.8 4.4 YR 3.9 1.7 
BS-0137 7.6 YR 5.7 2.2 3.8 YR 4.6 1.7 
BS-0138 7.6 YR 5.8 2.2 2.9 YR 4.6 1.6 
BS-0139 8.4 YR 3.0 2.3 4.1 YR 4.7 1.7 
BS-0140 9.4 YR 3.1 2.3 6.3 YR 4.8 1.7 
BS-0141 9.4 YR 6.1 2.2 7.3 YR 4.6 1.8 
BS-0142 9.3 YR 6.1 2.2 5.9 YR 4.7 1.6 
BS-0143 2.4 YR 4.8 1.5 1.8 R 3.9 1.4 
BS-0144 1.1 YR 4.6 1.5 4.5 R 3.6 1.4 
BS-0145 2.6 YR 4.8 1.7 4.4 R 3.9 1.5 
BS-0146 3.0 YR 4.8 1.7 5.1 R 4.0 1.5 
BS-0147 2.6 YR 4.8 1.7 4.3 R 4.0 1.5 
BS-0148 2.7 YR 4.8 1.7 9.1 R 3.6 1.8 
BS-0149 4.1 YR 5.1 1.9 7.5 R 3.9 1.5 
BS-0150 1.9 YR 4.7 1.4 7.9 R 3.6 1.4 
BS-0151 3.6 YR 4.9 1.6 4.9 R 4.0 1.5 
BS-0152 3.1 YR 4.9 1.6 3.7 R 4.0 1.5 
BS-0153 2.3 YR 4.8 1.5 7.4 R 3.5 1.4 
BS-0154 1.2 YR 4.7 1.5 0.6 R 3.8 1.5 
BS-0155 1.8 YR 4.8 1.5 3.5 R 3.8 1.5 
BS-0156 2.3 YR 4.9 1.6 4.5 R 4.0 1.5 
BS-0157 3.0 YR 4.8 1.4 4.9 R 3.8 1.3 
BS-0158 4.5 YR 5.0 1.5 6.2 R 4.1 1.3 
BS-0159 5.8 YR 5.2 1.7 1.0 YR 4.2 1.4 
BS-0160 8.1 YR 5.8 1.8 4.9 YR 4.6 1.5 
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BS-0161 9.1 YR 6.0 1.9 5.1 YR 4.8 1.5 
BS-0162 9.3 YR 6.2 2.2 6.3 YR 4.7 1.7 
BS-0163 9.1 YR 6.1 1.9 6.0 YR 4.9 1.5 
BS-0164 5.8 YR 5.1 1.6 0.6 YR 4.2 1.4 
BS-0165 7.1 YR 5.3 1.7 2.0 YR 4.4 1.4 
BS-0166 8.9 YR 5.8 2.2 4.2 YR 4.6 1.6 
BS-0167 9.5 YR 5.9 2.2 6.5 YR 4.8 1.7 
BS-0168 9.5 YR 6.1 1.9 6.2 YR 4.9 1.5 
BS-0169 9.6 YR 6.2 2.2 6.0 YR 4.8 1.6 
BS-0170 9.9 YR 6.1 2.6 6.4 YR 4.8 1.8 
BS-0171 9.9 YR 6.2 2.3 6.7 YR 4.8 1.7 
BS-0172 3.9 YR 4.9 1.3 9.0 R 4.0 1.3 
BS-0173 6.3 YR 5.4 1.6 0.3 YR 4.4 1.3 
BS-0174 8.3 YR 6.0 1.6 4.7 YR 4.8 1.4 
BS-0175 8.4 YR 6.0 1.9 5.3 YR 4.7 1.5 
BS-0176 8.5 YR 6.0 1.7 5.2 YR 4.9 1.4 
BS-0177 8.5 YR 6.0 2.0 5.0 YR 4.8 1.6 
BS-0178 8.6 YR 5.7 2.2 4.6 YR 4.7 1.7 
BS-0179 2.3 YR 4.8 1.5 3.8 R 4.0 1.4 
BS-0180 2.6 YR 4.8 1.5 5.0 R 4.0 1.4 
BS-0181 2.4 YR 4.7 1.5 6.0 R 4.0 1.3 
BS-0182 3.1 YR 4.8 1.5 7.1 R 4.1 1.4 
BS-0183 4.8 YR 5.0 1.7 10.0 R 4.3 1.5 
BS-0184 4.8 YR 5.0 1.7 0.4 YR 4.3 1.5 
BS-0185 5.2 YR 5.1 1.9 1.5 YR 4.2 1.6 
BS-0186 2.6 YR 4.8 1.4 6.1 R 4.0 1.6 
BS-0187 2.6 YR 4.7 1.4 5.9 R 3.9 1.3 
BS-0188 2.8 YR 4.7 1.5 6.6 R 4.0 1.4 
BS-0189 4.0 YR 4.9 1.6 9.5 R 4.2 1.4 
BS-0190 5.6 YR 5.2 1.8 1.8 YR 4.3 1.5 
BS-0191 6.4 YR 5.4 2.0 2.6 YR 4.4 1.6 
BS-0192 6.6 YR 5.4 1.8 3.2 YR 4.5 1.6 
BS-0193 3.6 YR 4.9 1.4 4.8 R 4.1 1.3 
BS-0194 0.3 YR 4.6 1.2 2.3 R 3.9 1.3 
BS-0195 0.3 YR 4.5 1.3 2.3 R 3.9 1.3 
BS-0196 1.8 YR 4.6 1.3 3.7 R 3.9 1.3 
BS-0197 4.3 YR 4.9 1.6 8.0 R 4.2 1.4 
BS-0198 5.8 YR 5.1 1.8 1.1 YR 4.2 1.4 
BS-0199 7.3 YR 5.4 2.0 3.6 YR 4.4 1.6 
BS-0200 1.9 YR 4.7 1.3 6.0 R 3.9 1.3 
BS-0201 2.6 YR 4.8 1.4 2.2 R 3.9 1.3 
BS-0202 5.0 YR 5.0 1.6 8.8 R 4.2 1.4 
BS-0203 7.1 YR 5.4 1.9 2.6 YR 4.4 1.5 
BS-0204 8.1 YR 5.7 1.9 4.3 YR 4.7 1.5 
BS-0205 7.8 YR 5.7 2.0 4.5 YR 4.7 1.6 
BS-0206 8.2 YR 5.8 2.0 5.6 YR 4.7 1.5 
BS-0207 3.5 YR 4.8 1.5 6.1 R 4.0 1.3 
BS-0208 2.3 YR 4.7 1.4 4.0 R 4.0 1.4 
BS-0209 2.3 YR 4.7 1.5 4.8 R 4.0 1.4 
BS-0210 3.1 YR 4.8 1.6 5.9 R 4.1 1.5 
BS-0211 3.6 YR 4.9 1.7 8.4 R 4.3 1.5 
BS-0212 3.4 YR 4.9 1.7 10.0 R 3.8 1.4 
BS-0213 3.5 YR 4.9 1.5 8.8 R 4.0 1.4 
BS-0214 5.5 YR 5.2 1.7 9.4 R 4.3 1.5 
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BS-0215 6.6 YR 5.4 1.9 1.6 YR 4.5 1.5 
BS-0216 7.3 YR 5.6 2.1 2.6 YR 4.6 1.6 
BS-0217 8.3 YR 6.0 2.4 4.2 YR 4.8 1.7 
BS-0218 8.1 YR 5.9 2.3 4.0 YR 4.7 1.7 
BS-0219 8.5 YR 6.0 2.4 5.1 YR 4.7 1.8 
BS-0220 4.9 YR 5.1 1.6 7.7 R 4.2 1.4 
BS-0221 6.5 YR 5.4 1.9 0.8 YR 4.5 1.5 
BS-0222 7.6 YR 5.8 2.1 3.3 YR 4.6 1.6 
BS-0223 7.9 YR 5.8 2.1 3.8 YR 4.7 1.7 
BS-0224 8.2 YR 5.8 2.2 4.0 YR 4.6 1.7 
BS-0225 8.8 YR 6.0 2.3 5.3 YR 4.8 1.8 
BS-0226 9.2 YR 6.2 2.2 5.1 YR 4.7 1.7 
BS-0227 8.9 YR 6.1 2.3 4.7 YR 4.8 1.7 
BS-0228 3.0 YR 4.9 1.5 5.9 R 4.1 1.4 
BS-0229 1.8 YR 4.7 1.4 3.7 R 4.0 1.4 
BS-0230 2.0 YR 4.7 1.4 4.1 R 4.0 1.4 
BS-0231 2.3 YR 4.7 1.5 5.3 R 4.0 1.4 
BS-0232 3.6 YR 4.9 1.6 7.6 R 4.2 1.4 
BS-0233 5.5 YR 5.2 1.6 10.0 R 4.3 1.4 
BS-0234 7.7 YR 5.7 1.7 3.3 YR 4.6 1.4 
BS-0235 8.3 YR 6.0 1.6 3.9 YR 4.7 1.4 
BS-0236 7.4 YR 5.8 1.6 2.8 YR 4.7 1.3 
BS-0237 1.6 YR 4.7 1.4 3.2 R 4.0 1.4 
BS-0238 1.2 YR 4.6 1.5 2.4 R 3.9 1.4 
BS-0239 1.3 YR 4.6 1.5 3.0 R 3.9 1.5 
BS-0240 0.9 YR 4.6 1.4 3.6 R 3.9 1.5 
BS-0241 1.4 YR 4.6 1.4 5.8 R 3.8 1.4 
BS-0242 2.5 YR 4.7 1.6 4.4 R 4.0 1.4 
BS-0243 2.9 YR 4.8 1.7 4.8 R 4.0 1.5 
BS-0244 1.8 YR 4.7 1.3 3.0 R 3.8 1.3 
BS-0245 1.4 YR 4.6 1.3 3.3 R 3.6 1.3 
BS-0246 0.9 YR 4.6 1.3 0.9 R 3.7 1.3 
BS-0247 9.7 R 4.5 1.3 1.3 R 3.7 1.3 
BS-0248 2.0 YR 4.7 1.5 3.0 R 4.0 1.4 
BS-0249 3.5 YR 4.8 1.6 7.3 R 4.0 1.4 
BS-0250 3.3 YR 4.8 1.6 6.3 R 4.0 1.4 
BS-0251 2.3 YR 4.7 1.7 5.6 R 3.8 1.3 
BS-0252 0.7 YR 4.5 1.3 1.5 R 3.9 1.4 
BS-0253 0.3 YR 4.5 1.3 1.5 R 3.9 1.4 
BS-0254 1.5 YR 4.6 1.7 2.7 R 3.9 1.4 
BS-0255 2.6 YR 4.7 1.5 4.9 R 3.9 1.4 
BS-0256 3.6 YR 4.8 1.7 7.3 R 3.9 1.4 
BS-0257 3.6 YR 4.8 1.7 6.1 R 4.0 1.4 
BS-0258 2.0 YR 47.0 1.4 6.6 R 3.6 1.2 
BS-0259 0.5 YR 4.5 1.3 9.7 RP 3.7 1.4 
BS-0260 1.3 YR 4.7 1.4 2.3 R 3.9 1.4 
BS-0261 2.0 YR 4.7 1.5 4.1 R 4.0 1.4 
BS-0262 2.1 YR 4.7 1.5 8.0 R 3.6 1.4 
BS-0263 2.5 YR 4.8 1.6 5.0 R 4.0 1.4 
BS-0264 2.1 YR 4.7 1.5 5.1 R 4.0 1.5 
BS-0265 1.9 YR 4.8 1.5 2.9 R 3.9 1.4 
BS-0266 0.9 YR 4.6 1.4 3.4 R 3.8 1.4 
BS-0267 1.1 YR 4.6 1.4 3.0 R 3.9 1.4 
BS-0268 2.6 YR 4.7 1.5 5.5 R 4.0 1.4 
135 
BS-0269 6.9 YR 5.4 2.0 2.2 YR 4.4 1.6 
BS-0270 7.3 YR 2.9 YR 4.5 1.7 
BS-0271 7.5 YR 5.7 2.3 4.2 YR 4.5 1.8 
BS-0272 1.8 YR 4.7 1.5 5.7 R 3.8 1.4 
BS-0273 1.6 YR 4.7 1.5 4.5 R 3.7 1.4 
BS-0274 2.3 YR 4.7 1.6 3.0 R 3.9 1.4 
BS-0275 2.3 YR 4.8 1.6 5.9 R 3.9 1.5 
BS-0276 1.7 YR 4.7 1.5 4.6 R 3.9 1.5 
BS-0277 3.5 YR 4.9 1.8 8.0 R 4.0 1.4 
BS-0278 3.4 YR 4.9 1.8 10.0 R 3.7 1.5 
BS-0279 9.6 R 4.5 1.3 5.5 R 3.4 1.4 
BS-0280 1.5 YR 4.6 1.4 2.3 R 3.7 1.3 
BS-0281 1.3 YR 4.6 1.4 3.3 R 3.9 1.4 
BS-0282 1.4 YR 4.6 1.5 3.5 R 4.0 1.4 
BS-0283 2.5 YR 4.7 1.6 5.8 R 4.0 1.4 
BS-0284 3.4 YR 4.8 1.7 7.6 R 4.0 1.5 
BS-0285 4.1 YR 5.0 1.8 8.3 R 4.1 1.5 
BS-0286 3.0 YR 4.8 1.5 9.0 R 39.0 1.4 
BS-0287 4.0 YR 4.9 1.6 8.3 R 3.9 1.5 
BS-0288 7.1 YR 5.5 2.2 4.3 YR 4.2 1.8 
BS-0289 7.8 YR 5.7 2.4 3.8 YR 4.6 1.8 
BS-0290 8.2 YR 5.8 2.5 5.3 YR 4.5 2.0 
BS-0291 7.9 YR 5.8 2.5 4.0 YR 4.5 1.8 
BS-0292 7.5 YR 5.0 2.2 4.3 YR 4.3 1.7 
BS-0293 2.0 YR 4.7 1.4 3.0 R 3.9 1.4 
BS-0294 3.8 YR 4.9 1.6 4.0 R 3.9 1.3 
BS-0295 1.5 YR 4.6 1.4 9.6 RP 3.8 1.4 
BS-0296 0.8 YR 4.6 1.4 1.2 R 3.8 1.4 
BS-0297 1.7 YR 4.7 1.5 2.5 R 3.9 1.4 
BS-0298 3.1 YR 4.8 1.7 5.1 R 4.0 1.4 
BS-0299 1.4 YR 4.6 1.4 2.0 R 3.8 1.4 
BS-0300 0.9 YR 4.6 1.7 1.5 R 3.7 1.4 
BS-0301 3.0 YR 4.8 1.6 5.0 R 4.0 1.4 
BS-0302 3.3 YR 4.8 1.7 5.9 R 4.0 1.4 
BS-0303 3.1 YR 4.8 1.7 8.5 R 3.7 1.5 
BS-0304 4.0 YR 4.9 1.8 7.4 R 4.0 1.5 
BS-0305 2.1 YR 4.6 1.3 3.6 R 3.8 1.3 
BS-0306 1.2 YR 4.5 1.4 1.6 R 3.7 1.3 
BS-0307 1.8 YR 4.6 1.4 2.1 R 3.8 1.3 
BS-0308 2.5 YR 4.7 1.6 4.0 R 3.9 1.3 
BS-0309 3.4 YR 4.8 1.7 9.3 R 3.8 1.4 
BS-0310 3.6 YR 4.9 1.7 6.7 R 3.9 1.3 
BS-0311 3.3 YR 4.8 1.6 5.4 R 3.9 1.4 
BS-0312 3.4 YR 4.9 1.5 6.1 R 3.8 1.3 
BS-0313 1.5 YR 4.6 1.4 1.3 R 3.9 1.4 
BS-0314 2.2 YR 4.7 1.5 4.0 R 4.0 1.4 
BS-0315 2.2 YR 4.7 1.5 4.1 R 4.0 1.4 
BS-0316 3.8 YR 5.0 1.7 7.5 R 4.0 1.4 
BS-0317 3.3 YR 4.9 1.6 5.9 R 4.1 1.5 
BS-0318 2.7 YR 4.8 1.4 7.4 R 3.8 1.4 
BS-0319 3.6 YR 4.9 1.6 8.1 R 4.1 1.3 
BS-0320 4.3 YR 5.0 1.7 9.0 R 4.2 1.4 
BS-0321 4.7 YR 5.1 1.8 10.0 R 4.3 1.4 
BS-0322 4.6 YR 5.0 1.8 9.1 R 4.1 1.4 
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BS-0323 5.5 YR 5.2 1.9 0.7 YR 4.3 1.5 
BS-0324 4.0 YR 4.9 1.6 7.7 R 4.2 1.4 
BS-0325 3.7 YR 4.8 1.6 8.1 R 4.2 1.4 
BS-0326 3.8 YR 4.8 1.7 9.0 R 1.2 1.5 
BS-0327 5.6 YR 5.2 2.0 1.3 YR 4.2 1.6 
BS-0328 5.6 YR 5.1 1.9 1.7 YR 4.2 1.6 
BS-0329 5.7 YR 5.2 1.8 1.4 YR 4.2 1.5 
BS-0330 6.4 YR 5.3 1.9 2.0 YR 4.3 1.6 
BS-0331 2.6 YR 4.7 1.4 6.8 R 4.0 1.4 
BS-0332 3.3 YR 4.8 1.5 6.3 R 4.1 1.4 
BS-0333 3.5 YR 4.8 1.6 7.9 R 4.0 1.4 
BS-0334 4.6 YR 5.0 1.6 9.0 R 4.2 1.4 
BS-0335 4.4 YR 4.9 1.6 9.4 R 4.1 1.4 
BS-0336 7.1 YR 5.4 1.9 4.4 YR 4.2 1.6 
BS-0337 7.3 YR 5.6 2.0 3.1 YR 4.5 1.5 
BS-0338 8.2 YR 5.7 2.0 5.0 YR 1.6 1.7 
BS-0339 1.6 YR 4.6 1.4 7.0 R 3.6 1.4 
BS-0340 3.5 YR 4.8 1.6 4.7 R 3.8 1.3 
BS-0341 3.9 YR 4.9 1.7 5.2 R 4.0 1.4 
BS-0342 5.6 YR 5.1 1.9 10.0 R 4.2 1.6 
BS-0343 7.1 YR 5.5 2.2 2.6 YR 4.4 1.6 
BS-0344 7.9 YR 5.8 2.3 4.0 YR 4.5 1.7 
BS-0345 8.3 YR 5.9 2.3 4.7 YR 4.6 1.7 
BS-0346 4.0 YR 4.8 1.5 9.0 R 4.0 1.4 
BS-0347 6.2 YR 5.3 1.9 3.8 YR 4.0 1.6 
BS-0348 5.9 YR 5.2 1.8 10.0 R 4.2 1.5 
BS-0349 7.5 YR 5.7 2.0 2.8 YR 4.6 1.5 
BS-0350 7.9 YR 5.8 2.1 3.6 YR 4.6 1.6 
BS-0351 8.0 YR 5.9 2.1 3.8 YR 4.7 1.6 
BS-0352 8.5 YR 6.0 2.1 4.6 YR 4.7 1.6 
BS-0353 8.0 YR 5.9 2.1 3.9 YR 4.7 1.6 
BS-0354 4.9 YR 4.9 1.5 5.7 YR 5.1 1.7 
BS-0355 5.0 YR 4.8 1.4 0.3 YR 4.3 1.5 
BS-0356 7.6 YR 5.7 2.2 3.3 YR 4.5 1.6 
BS-0357 8.5 YR 5.9 2.2 4.9 YR 4.6 1.6 
BS-0358 8.3 YR 5.9 2.3 4.3 YR 4.6 1.6 
BS-0359 8.2 YR 6.0 2.2 3.7 YR 4.7 1.6 
BS-0360 8.2 YR 5.9 2.2 4.2 YR 4.6 1.6 
BS-0361 8.0 YR 5.9 2.3 3.6 YR 4.6 1.6 
BS-0362 3.5 YR 4.8 1.4 7.8 R 3.9 1.4 
BS-0363 5.9 YR 5.2 1.8 0.9 YR 4.1 1.5 
BS-0364 6.8 YR 5.4 1.9 1.9 YR 4.4 1.5 
BS-0365 7.5 YR 5.6 2.0 3.5 YR 4.5 1.6 
BS-0366 8.3 YR 5.9 2.3 5.0 YR 4.7 1.7 
BS-0367 8.5 YR 6.0 2.3 5.2 YR 4.8 1.7 
BS-0368 83.0 YR 6.0 2.3 4.3 YR 9.8 1.7 
BS-0369 3.9 YR 4.8 1.5 7.5 R 4.0 1.4 
BS-0370 5.9 YR 5.1 1.8 2.1 YR 4.3 1.5 
BS-0371 6.2 YR 5.1 1.7 1.8 YR 4.3 1.4 
BS-0372 8.3 YR 5.8 1.7 4.8 YR 4.7 1.5 
BS-0373 9.0 YR 6.1 2.0 5.8 YR 4.8 1.5 
BS-0374 8.9 YR 6.0 2.1 5.6 YR 4.7 1.6 
BS-0375 2.0 YR 4.7 1.4 4.2 R 4.0 1.4 
BS-0376 2.1 YR 4.7 1.5 5.4 R 4.0 1.4 
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BS-0377 2.0 YR 4.7 1.5 5.0 R 4.0 1.4 
BS-0378 3.6 YR 4.9 1.8 7.8 R 4.1 1.5 
BS-0379 4.4 YR 5.0 1.9 9.5 R 4.2 1.5 
BS-0380 3.1 YR 4.8 1.5 6.9 R 4.1 1.3 
BS-0381 5.1 YR 5.0 1.6 10.0 R 4.3 1.4 
BS-0382 7.5 YR 5.5 1.9 3.6 YR 4.6 1.5 
BS-0383 8.2 YR 5.7 2.0 5.0 YR 4.8 1.6 
BS-0384 9.3 YR 6.0 2.3 6.7 YR 4.8 1.8 
BS-0385 8.2 YR 5.7 1.9 5.2 YR 4.7 1.6 
BS-0386 4.4 YR 4.9 1.5 10.0 R 4.2 1.4 
BS-0387 6.0 YR 5.2 1.7 1.4 YR 4.3 1.5 
BS-0388 8.2 YR 5.7 1.9 4.8 YR 4.7 1.6 
BS-0389 6.9 YR 5.3 1.9 2.8 YR 4.4 1.6 
BS-0390 8.4 YR 6.1 1.6 4.3 YR 4.8 1.3 
BS-0392 7.8 YR 5.8 1.6 5.3 YR 4.7 1.5 
BS-0393 1.3 YR 4.6 1.4 4.3 R 3.9 1.4 
BS-0394 3.3 YR 4.8 1.5 6.4 R 4.0 1.4 
BS-0395 6.0 YR 5.2 1.7 0.9 YR 4.2 1.4 
BS-0396 7.1 YR 5.4 1.6 2.8 YR 4.4 1.4 
BS-0397 7.7 YR 5.7 1.7 3.1 YR 4.6 1.3 
BS-0398 9.1 YR 5.9 2.1 6.0 YR 4.7 1.6 
STD 2.6 YR 5.0 1.3 5.6 YR 3.8 1.3 
STD 2.6 YR 5.0 1.3 5.6 YR 3.9 1.3 
STD 2.6 YR 5.0 1.3 5.6 YR 4.0 1.3 
STD 2.6 YR 4.9 1.3 5.6 YR 4.0 1.2 
STD 2.6 YR 5.0 1.3 5.6 YR 4.0 1.3 
